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TWO months ago Wireless World expressed fears 
hat the B.B.C. demonstrations of colour tele- 
on which had recently been given might well 
proved too successful. There was a risk that 
high quality of the pictures transmitted and 
eceived under strictly experimental conditions 
ight have inculcated a widespread idea that 
N.T.S.C. system used for the tests was good 
jough for a regular service for reception in the 
ome. It would now seem we were not emphatic 
pugh in urging that a decision to adopt the 
ystem for this country would be disastrous. 

During the last few weeks many reports have 

in from British observers of the highest 
tompetence on the failure of colour television in 
With singular unanimity, all the reports 
coming to our notice tell the same doleful story; 
schnically, economically and industrially, the 

.T.S.C. system is failing to live up to the high 
expectations expressed when it was first introduced. 
there now seems to be a wi lack 
of enthusiasm for colour in the U.S.A., and the 
tported change in attitude of R.C.A. appears to 
be particularly significant. Some views of British 
pbservers are summarized on p. 205 of this issue. 
In spite of the growing tale of woe from 
merica there is still a school of thought in this 
which says, in effect, “ Admittedly the 
IN.T.S.C. system may have its weaknesses, but 
perhaps they can be overcome. In any case, 
nothing better offers itself at present; unless we 
adopt it there is no possibility of starting a British 

pur service ‘in the foreseeable future.” That 
attitude seems to represent an attitude of despair: 
Wireless World, resisting the temptation to make 
he vulgar retort “‘ So what?” will merely offer the 
quotation: “‘ The lesson of history is that mankind 
tarns nothing from history.” 

That is not to say the B.B.C. experimental 
colour transmissions should cease; still less that 
esearch on the general problems of colour 
levision should not be pressed forward as 
tively as national resources will allow. 

We must go on trying to find basically new 
But, to start even a restricted and 
experimental public service of regular N.T.S.C. 
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transmissions at the present state of development 
would surely be a deploraFle error. 

The Television Advisory Committee is expected 
to issue a report before very long; it will be 
surprising—and disappointing—if the Committee 
does not reach the conclusion that further basic 
development is needed before any specific recom- 
mendation can be made on the colour system to be 
adopted for Great Britain. 


Editorship of 
“Wireless World” 


THIS intrusion on a page usually reserved for the 
Editor’s comment is explained by saying that it is 
now the Editor himself who is to be the subject 
of comment. 

The present Editor, H. F. Smith, is vacating the 
editorial chair in May after 46 years in radio and 
32 years on Wireless World. For over half that 
period he has been Editor and it may be said that 
since 1940 the journal has revolved around him as 
its. axis. 

This is a long span of service on a technical 
journal of any kind, and it is noteworthy that in 
our particular sphere the period covered has seen 
greater scientific progress and _ technological 
development than has ever been witnessed before 
in any branch of science. 

To have conducted Wireless World during such 
a time with so much distinction is in itself a 
sufficient tribute to the retiring Editor, but we 
know that in addition his personality and his 
readiness to share his experience and knowledge 
with others has gained him a multitude of friends 
all over the world. 

It is at his own wish that he is relinquishing the 
editorship on attaining the normal retiring age, 
but happily his connection with Wireless World 
is not to be abruptly severed, and he has been 
persuaded to continue for a time in a consulting 
capacity. He is to be succeeded as Editor by 
F. L. Devereux, who has a long and distinguished 
record of 33 years with Wireless World. H.S.P. 


T HE radio exhibition held annually in Paris under 
the impressive title “Salon National des Fabricants 
de Piecés Détachées Radio, Accessoires, Tubes Elec- 
troniques et Appareils de Mesures,” embraced a far 
wider field than hitherto and thus afforded an oppor- 
tunity to assess the progress of development of a 
large section of the French radio and electronics in- 
dustries. 

So far as components are concerned the trends are 
very similar to those in Great Britain. Considerable 
progress has been made during the past year in the 
manufacture and application of tfansistots and 
several firms are now producing transistorized broad- 
cast receivers, as typified by the C.S.F. “ Translitor.” 
This company also showed transistor power supply 
units, interchangeable with the normal batteries, for 
military “ Handy-Talkie” sets. 

An interesting application for transistors was 
shown by Teppaz in the form of an a.c./battery 
record player. It has an 8-V synchronous motor, 
normally operated from the electric supply mains 
through a step-down transformer. For portable 
operation the 50-c/s supply for the motor is pro- 
vided by a transistor oscillator’ taking d.c. power from 
a battery and using the motor windings for coils. 

A number of new semi-conductor devices were 
shown by the French Thompson-Houston Company; 
one was a 2.5-W af. power transistor, and another a 
silicon-junction diode rated at 1.5A at 50c/s. 

The use of solar power for operating transistor 
equipment was demonstrated by Westinghouse with 
a Zenith pocket receiver powered by 144 “ Westa- 
phot” cells and a floating 4.8-V battery. This sup- 
plied 10 to 20 mA of current. 

A new covering for instrument wires, described 
as “ Carafil,” was shown by S.C.F. It is very resistant 
to high temperatures and enables current loadings 
heavier than normal to be imposed on transformers 
and chokes, thus resulting in some reduction in size 
and weight. 

Printed circuits are beginning to find applications 
in French electronic equipment, but there is little 


evidence that dip-soldering is in general use. 

For some years past adjacent-channel interference 
on the broadcast bands has been combated by using 
rotatable frame aerials and many French receivers 
embody this feature; ferrite loops being the popular 
kind. F.M. has not, therefore, had the same attrac- 
tion in France as an interference-reducing medium 
for broadcast; nevertheless f.m. sets and parts were 
well in evidence. 

Radio-Celard of Grenoble combines the f.m. and 
loop-aerial solution to interference in the “Capte- 
fem” adaptor. This consists of an f.m. unit with a 
rotatable loop aerial feeding into the pick-up ter- 
minals of the broadcast receiver. On medium and 
long waves the loop is used as a low-impedance frame 
aerial followed by an rf. stage and its output fed 
to the aerial terminal of the receiver. 

The French electronics industry is now producing 


Above: “Spectrum 
Analyser *’ shown by 
Derveaux for general 
radar testing. 


il. 


“‘Captefem"’ f.m. adaptor 
with rotatable loop aerial 
(Radio-Celard). 


Left: Philips combined 
pattern generator and 
signal tracer covering 
television Bands | and 


Right: One of the wide 
range of laboratory- 
type oscilloscopes 
shown by Ribet- 
Desjardins. 


WireLess Worip, May 1957 


oPsSeAh BES BESS RESEESSSRTT. CRSSRESEB RCS Time 


ae 


£ 


eB YA daa 


en 8087 Po 


Transco rotatable ferrite rod aerial. 


a variety of test and laboratory equipment. For test- 
ing transistors, for example, C.R.C, have introduced 
the “ Transigraphe GP70” which displays the family 
of curves for a p-n-p or n-p-n transistor directly on 
acs. tube. An optical attachment enables the dis- 
played curves to be traced, by hand, on paper. Der- 


Colour TV | in 


.. general impression that American colour tele- 
vision is a complete failure was confirmed recently 
by C.O. Stanley, Chairman of Pye’s, in an interview 
with Wireless World on his return from a visit to the 
U.S.A. One of the main reasons for the situation, 
said Mr, Stanley, was economic, Americans were 
not prepared to pay more than about 10 per cent 
above the cost of black-and-white receivers for 
colour sets—whereas in fact the colour sets were 
priced at 500 dollars (and subsidized at that) com- 
pared with the 160 dollars of equivalent mono- 
chrome receivers. The discrepancy was made worse 
by the fact that monochrome sets were falling in 
price anyway as a result of fierce competition and 
“distress merchandizing.” A 5. 

A second important reason for the situation was 
the poor technical quality of the pictures given by 
the N.T.S.C. system, especially in fringe areas and 
at the extremities of transmission networks. This 
applied to both colour and compatible black-and- 
white pictures. As a result, one could not help feel- 
ing that some American engineers were now - 
ning to doubt the wisdom of their having adopted 
compatibility in the first place, if one of the conse- 
quences was a loss of audiences to the broadcasting 
stations. Added to all this’ were the considerable 
difficulties of receiver adjustment and servicing— 
it was being said that an M.I.T. engineer was needed 
with every set installed! The actual programmes— 
about three hours per day—were, however, very good 


The only real force behind colour television in 
America recently had been RCA, said Mr. Stanley, 
and one could not fail to observe that this organiza- 
tion had its plate full with some very serious lawsuits. 
At the same time, a business efficiency expert had 
been appointed president, and it might well be that 
the heavy financial leak due to colour television might 
stop RCA’s interest in this project. If this happened 
it would put colour television on the ice for a con- 
siderable time. 

On the question of single-gun tubes for receivers 
and other new components which would be required, 
it appeared that while the industry was in the dol- 
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veaux had a range of radar test sets covering 20cm 
down to 8 mm, as well as a new spectrum analyser for 
general radar work. Ten different types of laboratory 
oscilloscope were shown by Ribet-Desjardins, the 
most elaborate going up to 50 Mc/s, having sweep 
speeds up to woth usec, electronic switching and a 
delay line. 

A.C. milli-voltmeters with input impedances be- 
tween 10kQ and 1 MOQ and usable from 20c/s to 
100 kc/s, were shown by Ateliers DA et Dutilh. 
They employ a form of transistorized valve voltmeter 
with a 6-V dry battery. 

Television service equipment was represented on 
Philips’ stand by an interesting combined portable 
signal generator covering I and III and the 
customary i.f.s., and a signal tracer with loudspeaker. 
Equipment for testing bilingual TV speech channels, 
a system evolved for use in North Africa (see Wire- 
less World Technical Notebook, February and March 
1957), was shown by Société S.I.D.E.R. 
drums in America nobody could spare the money to 
develop them—and the somewhat different receiver 
circuitry—for large scale production. The story 
might have been different had there been more time 
and freedom for independent lines of investigation 
into systems and display devices at the very be- 
ginning—but the over-hasty decision to get colour 
television going at all costs had now “queered the 
pitch.” At the moment, it did not appear that single- 
gun receivers could be made any cheaper than those 
using the three-gun tube. 

The American example, said Mr. Stanley, was a 
clear lesson to us that we ought to stop thinki 
about setting up a public service in Britain, and treat 
colour television purely as a laboratory problem. A 
satisfactory colour receiver could not at the moment 
be sold for less than £200 (excluding P.T.) and there 
was no reason to believe that British people would 
pay a greater proportion more for colour than the 
Americans—especially during the present period of 
rising prices. 

These views were confirmed by L. C. Jesty, of 
Sylvania-Thorn, speaking with Dr. E. L. C. White 
at a recent I.E.E. informal lecture on colour tele- 
vision. He said there was practically no technica! 
activity in the U.S.A. at the moment and no reference 
to colour in the recent I.R.E. Convention—except 
an account of what was happening in Europe. Mr 
Jesty’s estimate of the desirable maximum price of a 
colour set was, however, somewhat higher than Mr. 
Stanley’s—not more than two-thirds above the cost 
of a monochrome receiver. 

It was generally agreed by other speakers that very 
little could be done until a really cheap and satisfac- 
tory colour display device had been evolved, and 
consequently all the present work on transmission 
systems could only be regarded as academic. One 
speaker in particular compared the progress of colour 
television with the history of colour photography 
and prophesied on that basis that we still have a long 
way to go. “We are now nearly through the era of 
the three-gun tube ” he said—although Mr. Jesty had 
remarked earlier that the three-gun tube was still the 
backbone of colour television in the U.S.A. 
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International Acoustics Meetings 


TWO recent Paris meetings of international com- 
mittees dealt with acoustics. Among the subjects 
discussed at the meeting of the electro-acoustics 
committee of the International Electrotechnical 
Commission were lateral-cut commercial and tran- 
scription disc recording, methods of measurement 
of the electro-acoustical characteristics of hearing 
aids, sound systems, loudspeakers, ultrasonic thera- 
peutic equipment, and sound level meters. The 
eleven-man British delegation was led by R. S. 
Dadson (N.P.L.), and consisted of J. P. Ashton 
(Amplivox), R. A. Bull (Westrex), H. Davies (B.B.C.), 
Dr. G. F. Dutton (E.M._I.), N. Fleming (N.P.L.), 
S. Hill (S.T.C.), Dr. A. J. King (Metrovick), Dr. 
W. Summer (Barber Electrical Services), F. E. Wil- 
liams (Post Office), and A. D. Falk (B.S.I.). 

The second meeting, attended by delegates from 
14 countries, including seven from Britain, was con- 
cerned with physical acoustics. A definition of the 
phon was agreed upon and will be circulated as a 
draft I.S.O. (International Organization for Stan- 
dardization) recommendation. It is similar to that 
proposed some 20 years ago but never ratified. 


Phenomenal Television Reception 


NORMAN BURTON reports from Revesby, 
N.S.W., Australia, that since October last he has 
* heard ‘the B.B.C, television sound on 41.5 Mc/s 
some twenty times and the vision signal three times. 
On one occasion in November the vision signals 
were on peaks as strong as the local television station. 
Reception was confined to the 11 am. to 1 p.m. 

morning session of the London station and the 
B.B.C. has verified one transmission from a tape 
recording. Unfortunately the recorder was not 
always available and generally missing when signals 
were at their best. 

The receiver was a Hallicrafter SX28 and the 
aerial, a 2-element one, constructed from details pub- 
lished in the August 1947 Wireless World. 


Marine Radar Training 


COMMENTING in our December 1956 issue on 
what have been somewhat ironically called “radar 
assisted ” marine collisions, we stated “as far as we 
know there has never been a case of collision which 
could be contributed to failure or lack of accuracy 
in the equipment itself. . . . By far the most preva- 
lent cause of error is faulty appreciation of the dis- 
played information.” A step toward ending this 
unfortunate position has been taken by the Ministry 
of Transport and Civil Aviation by the introduction 
of a new regulation. It makes it compulsory for 
a deck officer in the British marine service to take 
an officially approved radar observer course before 
being issued with a certificate of competency as 
second mate (foreign-going) or mate (home trade). 

The new regulation comes into operation on 
June Ist. 
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Scottish Exhibition 


THE biggest United Kingdom domestic sound and 
television exhibition yet held —_ London opens 
at Kelvin Hall, Glasgow, on ag Se for ten 
days. There will be nearly 60 $0 echibineee 
all the leading domestic receiver eaeieoaae 
may well provide a preview of the. National Radio 
Show to be heid at Earls Court in the autumn, 
Although there will be considerable emphasis on 
television—about 100 receivers will be operating on 
the stands—the B.B.C. technical piéce de résistance 
will be a demonstration showing the benefits of v.hf, 
sound broadcasting. 


1958 Exhibitions—Soon after the list of exhibitors 
for the 1957 I.E.A. Exhibition had closed the date of 
the 1958 Show was announced—April 16th to 25th a 


Association and roy 
Reeieees and Business Equipment Trades Aeocal 
for November 28th to December 4th next year at 
Olympia. 

Television Duty.—The additional £1 to be charged 
for television licences in August will not bring extra 
money to the B.B.C.; it is an excise duty added to the 
licence fee. Incidentally, under a new agreement which 
came into operation on April Ist, the B.B.C. will in 
future recejve 874% of the licence revenue after the 
Post Office has deducted “a sum equal to the expenses 
incurred by the P.M.G.” in collecting the licence fees 
and investigating interference complaints. 


B.B.C. Television Service.—When by the end of . 
year the B.B.C. has achieved its objective of 
television service to 98% of the population, it will pon 
set about building “fill-up” stations for places within 
the general coverage area where reception is 
—such as Peterborough and Berwick. The Copa 
will then extend the service to the highlands islands 
outside the main service areas. 


Hearing Aid Production.—As “ purchasing agent” for 
Eg Bh yo the Post Office has bought 
800,000 “ ” hearing aids and 27M _ batteries 
for them since 1948, when the Dollis Hill Research 
Station produced the prototype. The Contracts Depart. 
ment of the Post ce also arranges for the repair of 
some 120,000 hearing aids a year. 


Broadcast receivin ning Hooness in Sune in Gale 
Kingdom at the end of February totalled 14,480,562. 
Of this number, 6,863,234 were for television and 
304,307 for car radio sets. During February television 
licences increased by 106,049. 


Heaviside Lived Here-—Among a number of plaques 
to be erected by the London County Council to mark 
the former homes of famous people is one 
that Oliver Heaviside lived at 55, Plender Street, St 
Pancras, London, N.W.1. 

Purchase Tax on domestic sound and 
receivers contributed over £40M to the nati 
in 1956, 

Webbs Radio ask us to correct the price of the Eddy- 
stone 820 f.m./a.m. unit quoted in their advertisement 
on page 126. It should Se £31 18s. 
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— Wales will have a television service and a 

three-programme v.h.f, sound service from April 29th 
when the B.B.C.’s station at Blaen Plwy, near Aberyst- 
wyth, is introduced. The television station, a. 2a 
in Channel 3 (vision 56.75 Mc/s, sound 53.25 Mc/s), 
started test transmissions on April 15th. It has an e.r.p. 
of 1KW and will serve the cosstal belt around Cardigan 
Bay. The v.h.f. sound transmitters radiate on 
$87, 90.9 and 93.1 Mc/s, each with an e.r.p. of COKW. 
Aerials for both services are mounted on a 500-ft mast, 
and the transmissions are horizontally polarized. 


Welsh LT.A. Station.—The site at St. Hilary Down, 

near Cardiff, Glamorgan, chosen by the L.T.A. for its 
South Wales and West of England station, has now been 
approved by the Government. Objections had been 
raised by air services as it was considered the 750-ft 
mast would constitute a danger to users of the nearby 
Cardiff airport. 

Plastics Conventi Sev 
latest extrusion and injection 


in conjunction with this year’s British a Exhibi 
(Olympia, y= vy July 10th-20th). Although none 7 
lectures deals directly 


of te toda acd Gecinanenes 
any a e ts 
covered are of general interest to the an ta 
sion to the exhibition costs 2s 6d, but tickets for the 
coavention are obtainable free from British Plastics, 
Dorset House, Stamford Street, London, S.E.1. 


Automatic M —A conference is 


concerned with research aa pe in this field, 
to meet and discuss their work. conference on 
automatic measurement of ity in 

will be held at University S from Sep- 


wansea, 
tember 23rd to 26th. Further information is available 
a the Society at 20, Queen Anne Street, London, 


exhibition held in Manchester. 


1,700 miles on 2 Mc/s.—The radio officer of S.S. 
Spalake reports that on a from Tobruk to Malta 
on March 10th he maintained direct 
contact on 2.182 Mc/s with Niton Radio (G 
distance of approximately 1,700 miles. 

Courses for overseas specialists, being organized this 
year by the British Council in —— a univer- 
sities, government departments and learned 
include one on point-to-point radio services (April 28tt 
to May 14th) and another on digital computers ( ~~ 

Electronics Centre.—Many of the Mullard exhibits 
mentioned in our review of the Physical Society’s 
Exhibition are displayed at the technical information 
centre recently Wor Th at Mullard House, T 


and there is also a cinema seating over 70. 
Careers.—A well-illustrated informative brochure 
“Careers in the Telecommunication Industry,” has been 

prepared by the Telecc ation and 


public and grammar schoo loyment 
Offices, and is also evalable from the fc of T.E.M.A., 
40-53, Norfolk Street, London, W.C. 

a summer school on instrumentation and automatic 
control is being organized ‘by the Gloucester Technical 
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College for July Ist to Sth. A draft syllabus includes 
basic theory of closed loop 


sections d with the 

systems, i and process control q 
Lecturers include Associate essor E, B. Pearson 
(Royal Military e of Science) and Dr. G. L. 


d’Ombrain (Battersea Polytechnic). 
“Marconi Instrumentation, 


ts, 

years ago with an initial print order 
now has a circulation of 16,000. Approxiatey 60% 
go abroad, including 3,500 to the U.S 

Plastics Year Book.—One of the most important 
Saeuane of the British Plastics Year Book, 1957, is o 

42-page review of plastics patents. [I 
relevant patents issued last ‘ach wi ‘and as they b. 


icbetos classified 


0’s Who. Se oe oe ee ae Oe 
2 guineas (postage 1s 9d). 


FROM ABROAD 


Sho ont tase on eh tee television activities of the 
Radio Corporation of America last year ie 
development, manufacture, training of technicians and 
provision of colour programmes) was nearly $7M. Since 
the introduction in 1955 of the 21-in compatible colour 
receiver, only 102,000 have been sold. 

Canadian TV.—The 518-page report of the Royal 
Commission on Canadian broadcasting records that 80% 
of the 16M population live within the service ares of 
one or more of the country’s 38 television stations. 


2,300,000. Of the 189 sound ting stations in 


meeting, 
to be held in Genga from May 16ch to 19th in prepare 
tion for the next International M on aides 


those 

conference are Colonel J. D. Parker (secretary 
International Maritime io Commi — 
F. J. Wylie (director, Radio Advisory Service). 

Television in India.—The Indian Minister for tae, 
mation and ee recently re oe 
liminary arrangements have been le for the county’ 
first television station to be built at Bombay. 
probably be ready for service next year. 


Novel Aerial!—A crane near the Hamburg transatit- 
ting station was found to be acting as a tuned medium- 
wave aerial, so that the field of the high-power 
transmitter was causing dangerous rf. on the 
grab. Using a model of the crane it was possible to 
evalve an inexpensive means of reducing the rf. volt- 

age to a safe value. This consisted in joining two points 
on the crane by a free hanging wire through an adj _ 
able capacitor (about 900 pF). The main body 
crane then completed a tuned rejector circuit. 

Long-Distance TV Reception.—Membership of the 
American “ Over 50TV DX Club,” as its name Senn, 
is limited to those who have received 50 or more 
television stations. The top scorer in the club, which 
is sponsored by our New York contem Radio- 
Electronics, has logged 290 stations. total has 
been reached in three years and aectudes stations in 
eight countries and 45 states. 

Instrumentation.—An International Congress and 
Exhibition of Measuring Instruments and Automation 
> by — in Diisseldorf, Germany, from November 

to 4 


Air Vice-Marshal G. P. Chamberlain, C.B., O.B.E., 
the new deputy controller of electronics at the Ministry 
of Supply, has —_ most of his Service career in signals. 
During and ore the war he was with 16 and 18 
Reconnaissance Groups, R.A.F., and was for some time 
in Australia on radar duties. His post-war service 
includes the directorship of Civil Air Operations at the 
Ministry of Civil Aviation, and after a tour of duty 
abroad took over the command of the R.A.F. Staff 
College at Andover. He is 52. 


Major L. H. Peter, M.I.E.E., who, as announced last 
month, is the new president of the Radio and Electronic 
Component emdnammert Federation, has been with 
Westinghouse since the end of the first world war. In 
about 1926 he was made responsible for the develop- 
ment of metal rectifiers, and has successively held the 
positions of chief electrical engineer, chief engineer and, 
for the past ten years, chief development engineer. 
Major Peter was one of the six founder-members of the 
original Radio Component Manufacturers’ Federation, 
and is also a member of the Radio Industry Council. 


J. A. Smale, C.B.E., B.Sc.,.M.I.E.E., has retired from 
the position of engineer-in-chief of Cable and Wireless 
and has. become technica! consultant in telecommunica- 
tions engineering to Marconi’s W.T. Co. Mr. Smale, 
who is 62 and had been engineer-in-chief since 1948, 
was responsible for the development of long-distance 
c.w. relay stations as a means of overcoming unfavour- 
able propagation conditions. He was also responsible 
for the design and manufacture of the first voice- 
frequency channelling system used commercially in this 
country. Mr. Smale was with Marconi’s for ten years 
before he transferred to Cable and Wireless in 1929 
where he was assistant e-in-c for 14 years. 


Denis Taylor, M.Sc., Ph.D., head of the Electronics 
and Instrument Division at the Atomic Energy Research 
Establishment, Harwell, for the past 12 years, has been 
appointed a director and general manager of Plessey 

ucleonics Limited. In addition. he will become 
research executive of the Aircraft and Electronics Groups 
of the Plessey Company, and will be responsible for the 
co-ordination of the Company’s nuclear programme. He 
takes up his new appointment on May Ist. Dr. Taylor, 
who is 46, was a member of Sir Robert Watson-Watt’s 
team at the Bawdsey radar research station during the 
early part of the war, and for his “contribution to the 
development of radar installations” received a Govern- 
ment award. He later went to T.R.E., Malvern, where 
he became superintendent. Between 1931 and 1939 
he held a num! of university lectureships. 


Major L. H. PETER 


J. A. SMALE 


E. W. Chivers, B.Sc., who for the past ten months or 
superintendent of the electronics 


so has been principal 
division of the Armament Research and Development 
Establishment (M.o.S.) at Fort Halstead, Sevenoaks, 
Kent, has ‘been appointed deputy director of the estab- 
lishment. He is 49. In 1947 he became superintendent 
of the Radar Research and Development Establishment 
at Malvern, and on the fusion in 1953 of R.R.D.E. and 
T.R.E. into the Radar Research Establishment was 
appointed deputy director of ground radar. 


C. J. V. Lawson, M.I.E.E., the new engineer-in-chief, 
Cable and Wireless, was appointed deputy e-in-c only 
a few months ago. He was previously manager of the 
cable station and head of the school of telecommunica- 
tion engineering at Porthcurno, near Land’s End. He 
is 50. The new deputy e-in-c is A. H. Harris, who is 
52. He joined the fecmen Telegraph Company in 1922 
as a telegraph operator, and six years later was posted 
to the engineer-in-chief’s department. He was trans- 
ferred to C. & W. on the merger of British overseas 
telegraph undertakings in 1929. 


Richard Arbib, this year’s chairman of the R.E.C.MEF, 
is chairman and managing director of Multicore 
Ltd., which he joined some 20 years ago. He eni 
the radio industry in 1929 in the electrical reproducer 
department »of H.M.V., later becoming advertising 
manager of that company. 


Dr. DENIS TAYLOR RICHARD ARBIB 


J. M. Furnival, M.B.E., has retired from the position 
of general manager of Marconi Instruments, Ltd., which 
he has held since 1942. He will also be remembered 
for his pioneering work on the development of ait- 
borne radio equipment, including beam approach. He 
joined Marconi’s W.T. Co. in 1919 for work in this 
field, and for some years was manager of the 
aircraft wireless establishment at Hackbridge, Essex. 


S. W. Amios, B.Sc., A.M.1.E.E., a frequent contribu-_ 
tor to Wireless World, has been appointed assistant 
editor in the Technical Instructions Section, B.B.C. He 
joined the Corporation in 1941, and after two 
experience as maintenance engineer transferred to the 
engineering training school as an instructor. Three 
years later he transferred to the Technical Instructions 
Section where since 1950 he has been chiefly concemed 
with the preparation of the four-volume BBC 
engineering text book, “Television Engineering 
(issued by our publishers). 


Geoffrey E. Beck, B.Sc., A.M.I.E.E., author of the 
article on page 225, has been with Marconi’s since 


graduating at Birmingham University in 1938. For tea 
years he was in the research division, for the major part 
of the time working on marine radar. Since 1947 he has 
been in the development division where he has been c0t- 
cerned with suppressed aircraft aerials. Last year he was 
appointed group leader of airborne navigational aid 
development. 
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and Radio Tuners 


= it is generally believed that present- 
day crystal pickups are somewhat inferior to the 
best moving-coil pickups from the point of view of 
quality of reproauction, the best of them, when 
properly equalized, are actually capable of giving 
results which, judged aurally, do not fall far short 
of the best obtainable. 

Crystal pickups, moreover, have the undoubted 
advantages of low cost and large output, and this 
makes them very attractive when economy must 
be carefully considered. 

With the above thoughts in mind, it was felt that 
a simple pre-amplifier for use with pickups such 
as the Cosmocord GP20 Hi-g, or Collaro Studio 
Transcription, and suitable for feeding the Inex- 
pensive High-Quality Amplifier described in the 
preceding two issues, might appeal to some readers. 
The pre-amplifier is also suitable for use with radio 
tuners, and its distortion is low enough to enable full 
justice to be done to the best f.m. transmissions. 

The circuit is shown in Fig. 1, from which it 
will be seen that the author’s negative-feedback tone 
control is employed’, the first hal? of the double 
triode operating as a straightforward amplifying 
stage. The tone-control circuit has been slightly 
modified, however, compared with the version 


* “ Negative-Feedback Tone Control,” by P. J. Baxandall, 
Wireless World, Oct. 1952. 


Inexpensive Pre-Amplifier 


Simple Design for Use with Simple Pickups 


By P. J. BAXANDALL, B.Sc.(Eng.) 


originally published, to enable a gain of approxi- 
mately 3 to be obtained from this stage with the 
controls set for level response, instead of unity 
as in the original version. The price paid for the 
advantage of increased gain is a reduction in the 
available amount of treble lift, and to a lesser 
degree, of bass lift. 

The performance of the tone control may be 
judged from Fig. 2, which shows the frequency 
response for various settings, measured between the 
grid of Vila in Fig. 1 and 15-ohm output terminals 
of the Inexpensive High-Quality Amplifier. An 
advantage resulting from the increased gain of the 
modified tone-control circuit is that the previous 
stage is now required to supply so small an output 
voltage that its distortion, even with no feedback, 
is only a small fraction of 1%. The tone-control 
stage, having negative feedback, can supply the 
required output of 4V r.m.s. on sine waves with a 
similarly low level of distortion, so that very low 
total distortion is obtained in a very economical 
manner. To achieve this low distortion in practical 
use, it is, of course, imperative for the volume 
control to be placed before the first stage, «us in 
Fig. 1. 

The total gain, with the tone controls set for 
level response, is such that a sine-wave input to 
Via grid of approximately 45 mV r.m.s. is required 
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Fig. |. Complete circuit of pre-amplifier. All resistors 4 watt + 20%, and capacitors (other than electrolytic) + 20%, 
except where otherwise specified. Mullard ECC8I may be replaced by !2AT7, Osram B309 or Services Type CV455. The 
numbers on the connections at the right-hand side of the circuit correspond with the numbers on the socket of the Inexpensive 
High-Quality Amplifier, described in previous issues. The equalizer circuit, to the left of the volume control, has been designed 
to suit the Cosmocord GP20 Hi-g pickup. Component values should preferably be within + 10%. 
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to give an output of 5 watts from the main amplifier 
into a 15-ohm resistive load, i.c., an output from 
the pre-amplifier of 4V r.m.s. 

Due to Miller effect, the input capacitance of 
Via is such that appreciable top loss will occur if 
the source has an effective internal resistance 
greater than 100k); this value gives a loss of about 
1dB at 15kc/s. 

The rest of the circuit consists of a passive net- 
work whose main function is to provide pickup 
equalization to suit standard recording character- 
istics, but it also allows additional top cut to be 
introduced when necessary, to improve results on 
worn or otherwise poor recordings. With further 
top cut from the tone-control, an asymptotic rate 
of cut of 12dB/octave may thus be added to the 
equalizer characteristic if required; whilst this is 
less steep and the roll-off is more gradual than is 
obtained with filters of a more ambitious variety’, 
nevertheless it will be found that poor recordings 
can be dealt with in quite a satisfactory manner. 

The pickup equalization circuit differs from those 
previously published*, and has been adopted for 
the following reasons:— 


(a) By placing a relatively large capacitor directly 


* “ Gram Microphone Pre-am; tt h-FZ 
Baxandall, — World Jan. Fons es 3 a 5. ont & Ket 

“ Pickup Circuits,” y , est elly, 
Wireless World, "Nov. 1930 ‘ 


+20 


capacitance from one pickup sample to another, and 
with temperature, are prevented from having 4 
significant effect on the equalization characteristic 
obtained.* 


(b) Due to the presence of the capacitor across 


the pickup, all impedances in the equalizer may be 


kept reasonably low, thus reducing the effect on 
the response caused by stray capacitances and $0 
making the result almost independent of variations 
in layout. 

(c) The output impedance of the equalizer circuit 
is low enough to make it practicable, if desired, to 
place the equalizer and volume control in the play- 
ing desk and to connect it to the pre-amplifier via 
a low-capacitance screened cable up to 10 feet or 
so in length. By arranging matters in this way, the 
playing desk becomes a self-contained and fully 
equalized gramophone source, suitable for connec- 
tion to any available amplifier capable of giving full 
output for a sine-wave input of 100mV rms. or 
less, provided the input resistance of the amplifier 
is not less than about 0.5/MQ. To what extent 
this facility is regarded as advantageous depends, 
of course, on individual circumstances. 


(d) The values have been so chosen that approxi- 
mately the same voltage is produced across the 
volume control on loud 78 r.p.m. records as on 

loud LP records. This is not a vital 


T Ml | T point, but it is easiest for the user if 
+100 To a $+ about the same volume control settings 
‘a TTS a O24 +100°%| are required with both types of record. 
~~ +0% | i n> or +50% In the “Good LP” position of the 
4 50% st ra a Pa equalizer switch, the equalization pro- 
—** h 1 s vided is intended to be correct for 
5 0 pn a ita records made in accordance with the 
- : STINTS = revised British Standard 1928 : 1955 LP 
= _19|-50‘/e N = 14 recording characteristic‘, which is now 
= a KS > N-35% widely adopted by recording com- 
& -80 bo 6 « Ps | | panies. Using the author’s Cosmocord 
-20| ~ 100%, < 100% HGP 39-1 LP pickup head, which is 
| ||| mot a _ specially selected one, the 
| | | measured response, from pickup 
6 10? - ns stylus to loudspeaker terminals, with 
’ , 44 * the equalizer set to the “Good LP” 
FREQUENCY (c/s) position and the tone-controls set 
Above: Fig. 2. Measured frequency response, 2s Sachse tee = <a 
between Via, grid and output of Inexpensive High- qouk 7 See a eligate ” by ED 
Quality Amplifier, at various settings of the tone asidualiel Smith, Wireless ce Would, Nov. 1956. " 
controls. The figures on the curves represent the Vie 
percentage rotation of the knob on either side of the oS R, 
middle position. — an. kf 
008 ng 1004.0 RADIO 
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Right: Fig. 3. Modified arrangement in which the , won 
gramophone equalizer and volume control are in the a R, 
playing desk. The radio volume control may be fitted 2700] (200pF B20n . 
in the tuner unit and should have a value not greater ; ‘ : ‘ , 
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in shunt with the pickup, variations in internal 
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View of prototype pre-amplifier with 
dust cover removed to show layout of 
components. 


for level response, was within 
+2dB of the intended result over 
the frequency range 50c/s to 
10kc/s. (The measurements were 
made using the British Sound 
Recording Association Test Disk 
No, PR.301, which is recorded to 
the C.C.L.R. 1953 characteristic, 
the measured results being cor- 
rected to allow for the difference 
between this characteristic and the 
revised B.S. 1928: 1955.) 

In the “Poor LP” position of 
the switch, an extra top cut of 
approximately 6dB at 10kc/s is 
introduced. 

In the “Good 78” position of 
the switch, the equalization is suit- 
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RADIO/GRAM 
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able for a recording characteristic 
having 6dB/octave asymptotes with corner fre- 
quencies at 250c/s (bass cut) and 6kc/s (top lift). 
This is considered to be a good compromise, and 
with judicious use of the tone controls when neces- 
sary, any normal 78 r.p.m. record can be well re- 
produced. 

In the “ Poor 78” position of the switch, an extra 
top cut of approximately 6dB at 10kc/s is intro- 
duced. 

In the “Radio” position of the switch, a sine- 
wave input of about 45 mV r.m.s. is required for full 
output. Many radio tuners will give a larger out- 
put than this, and are designed to feed into a higher 
resistance load than 100k; in such cases a suitable 
resistor (e.g., 470k©) should be connected in series 
with the “Radio Input” socket. 

If the equalizer circuit and gramophone volume 
control are put in the playing desk, a simple change- 
over switch, with positions labelled “Radio” and 
“Gram” will be required in the pre-amplifier, and 
the radio volume control may be fitted in the radio 
tuner unit. The unit photographed is intended for 
use in this way, the connections being shown in 
Fig. 3. 

Fig. 4 shows an equalizer circuit performing the 
same functions as that included in Fig. 1, but 
designed to suit the Collaro Studio Transcription 
pickup, which responds fairly smoothly up to 
15kc/s under both LP and 78 conditions. The 
equalization provided is also reasonably accurate for 
the Collaro Studio P pickup. 

In the “Poor 78” position of the switch, it will 
be seen that two additional top-cutting capacitors 
are introduced, giving an extra attenuation of about 
10db at 10kc/s. By omitting the 150-pF capacitor, 
the attenuation is reduced to about 6db, which is 
the same as for the GP20 Hi-g equalizer circuit; in 
general, however, it is considered to be advantageous 
to include this capacitor, as it gives an appreciable 
reduction in scratch, etc., on bad records. 
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Fig. 4. Equalizer circuit designed to suit the Collaro 
Studio Transcription pickup. Component values should 
preferably be within + 10%. 


It may be worth mentioning that it appears to 
be a characteristic of present-day crystal pickups 
that the variations in frequency response and sensi- 
tivity between one sample and another of nominally 
the same model are rather greater than for some 
other types of pickup. Consequently the equaliza- 
tion circuits given may not be quite optimum for 
any particular sample of pickup, but the departure 
from ideal equalization is unlikely to be very 
noticeable audibly. In the unlikely event of insuffi- 
cient amplifier gain being available for full volume 
with a low-sensitivity sample of pickup, the value 
of the capacitor connected across the pickup may 
be reduced a little; the accompanying slight loss of 
bass may be compensated by using the bass tone 
control, 

Construction.—Various layouts are, of course, prac- 
ticable for a circuit such as this, and the choice may 
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be left to the reader. The most economical arrange- 
ment would be to build the pre-amplifier, with or 
without equalizer, on the same chassis, suitably en- 
larged, as the main amplifier. Whatever is done, 
the following points should be watched:— 

(a) The components associated with Vla grid cir- 
cuit should be well separated from signal-carrying 
wiring in later parts of the circuit, otherwise the top 
response may be modified due to unintentional feed- 
back via stray capacitances. Similarly the anode 
circuit wiring of V1b, i.e., that associated with R,, 
C,, R. and C,, including the output lead and the 
lead to P,, should be kept well separated from the 
grid circuit components (R,, C, and R,,) and their 
wiring. 

(b) An ordinary black Bakelite valveholder should 
not be used if the lowest hum level is desired, but 
rather one of the light brown (nylon loaded plastic) 
variety; this will give less leakage current between 
heater and grid pins. A p.t.f.e. valveholder is an 
unnecesary extravagance at the signal level involved 
in this pre-amplifier. A further point is that the 
heater wiring should be twisted and kept as clear 
of the signal wiring as practicable. 

(c) In the prototype unit, the valve and the 16+ 
16F capacitor have been mounted on a small sub- 
assembly resiliently attached to the main chassis 
using screws passing through soft rubber grommets. 
This reduces the risk that microphony in the valve 
may cause a howl to build up when the pre-ampli- 
fier is used close to a loudspeaker. Whilst it is pro- 
bable that this precaution would normally be found 
quite unnecessary, it is nevertheless easy to take 
and at least can do no harm. Do not forget, how- 
ever, to make an earth connection between the 
sub-assembly and the main chassis, otherwise, as 
the author discovered to his cost, there will be no 
h.t. decoupling and “ motor-boating” will ensue! 

(d) If the equalizer and volume control are in- 
corporated in the playing desk, it is essential for 
them to be completely screened electrostatically. An 
ordinary tin box is perfectly satisfactory. 
Testing.—After completion, it is desirable at least 
to check that the d.c. operating conditions in the 
two stages are reasonable. The cathodes should 
nominally (with 300—V h.t.) be at +1.6V and the 
anodes at +115 V. Provided the measured values 
are within the limits 1.3 to 1.9V and 80 to 150 V, 
and provided none of the readings is affected by 
operating the tone-control knobs, all may be 
assumed to be well in this respect. 

The hum level, at the output of the Inexpensive 
High-Quality Amplifier, should be hardly any 
greater with the pre-amplifier connected than it is 
with the input to the main amplifier short-circuited; 
it should be only just audible with one’s ear close 
to the loudspeaker in a very quiet room. 

In the absence of facilities for frequency-response 
measurements, listening tests should be used to find 
out whether the controls are producing their in- 
tended effects. Turning the potentiometer knobs 
should not itself produce any noises from the loud- 
speaker, when no signal is applied. 


212 


Quantum Amplifiers 


THESE amplifiers, with their attractive possibility of 
very low noise, are arousing increasing interest. 
depend on the creation of a non-equilibrium distribution 
of energy between quantum states in atoms or mole- 
cules. Energy at the frequency of transition to the 
equilibrium state can be extracted by stimulation with 
an applied signal at the same frequency in the form of 
coherent radiation or of noise. According to the avail- 
able energy, amplification or oscillation is possible. 

What was apparently the first such amplifier was dis- 
cussed by J. P. Gordon et al, in the Physical Review of 
August 15th, 1955. This uses an ammonia beam with 
electrostatically separated molecular energy states. The 
beam density must be small to prevent rapid spontaneous 
transition back to the equilibrium state. This sev 
limits the available energy to only about 5X 10~*° watts, 
The authors coined the name “maser” (standing for 
“microwave amplification by stimulated emission of 
radiation”) for such quantum amplifiers. 

More attractive ibilities (discussed in a letter 
from M. W. P. Strandberg in the Proc.J.R.E. for 
January, 1957 and Prof. N. Bloembergen in the 
Physical Review of . 15th, 1956) are offered by 
proton or electron spin states in solids. The spin may 
be thought of as producing a magnetic moment that can 
align itself with or against an applied magnetic field, 
thus producing two possible states. Non-equilibrium 
spin states can be prepared in several ways, the simplest 
being the application of a pulse of coherent radiation 
of the correct frequency cut off at a suitable phase. 
Spin densities much higher than those in ammonia 
beams are obtainable, and can be effectively increased 
still further by rapid cycling from the equilibrium to 
non-equilibrium states (e.g., at a typical radar p.rf. of 
10° c/s per sec.). Much slower spontaneous transition 
back to the equilibrium state (longer relaxation time) 
than in the ammonia beam can also be realized both for 
certain nuclear proton spin states and certain para- 
magnetic electron spin states. This gives a longer time 
for experiments on the non-equilibrium state, and 
moreover, the power requirements to produce saturation 
of this state are reduced. The transition frequency is 
proportional to the magnetic field, so that variation of 
this field offers wide-range tuning possibilities. By 
contrast the ammonia transition frequency that is used 
is fixed within a few Mc/s of its centre value (about 
24 kMc/s). 

A solid state “maser” using electron spins has re- 
cently been produced at the American Bell Laboratories 
by Dr. D. Scovil et al. It oscillates at X-band 
(9000 Mc/s) with a power of about 2x10~° watts. 
Another experiment carried out in France (described 
by Combrisson et al. in Compt.Rend.Acad.Sci. of May 
14, 1956) also used electron spins and a similar opera- 
ting frequency. Insufficient power was available to 
produce oscillations, but some amplification was 
observed. 

These quantum states are largely independent of ther- 
mal motion so that their noise can equivalent to 
that at a very low effective temperature, only a few 
degrees above absolute zero. Noise is thus 20 to 30dB 
down on that in normal receivers; and theoretical cal- 
culations indicate that sufficient gain can be realized to 
take advantage of this low noise figure. The cone 
possibility that transmitter power could be reduced 
in this proportion (20 to 30dB) without any decrease 
in effectiveness would revolutionize microwave tech- 
nology. The equal possible increase in receiver sensi- 
tivity would be of tremendous value in the field of radio 
astronomy. 

This low noise is also equivalent to operation with 
a very high Q-factor. For example, two of the ong 
“masers” have been used to produce beats at — 
with no apparent random phase variations. This 
cates a stability to within a tenth of a cycle in 24kMc/s! 
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Physical Society's Exhibition 


NEW ELECTRONIC DEVICES AND TECHNIQUES 


eet 


Valves and allied devices- shown at this exhibition will be 
described in the June Wireless World, while new test and 
measuring gear will be reported in the July issue. 


THE dividing lines between pure 
and applied research and between 
research and development become 
increasingly difficult to draw in these 
days of intense activity in the physi- 
cal sciences. In the Physical 
Society’s catalogue there used to be 
a separate section for the research 
exhibits; now they are inextricably 
dispersed among the experimental, 
prototype and finished products of 
industry. 

Applications of newly discovered 
physical effects are often thought of 


. before the fundamental process has 


been fully explored, and research 
and development proceed on paral- 
lel lines. Nuclear resonance, for 
example, is already being used as a 
means of measuring magnetic flux, 
and in a portable fluxmeter shown 
by the Admiralty Signal and Radar 
Establishment is used to calibrate 
and stabilize the field of an electro- 
magnet supplied from a 50c/s 
source. A regenerative receiver 
supplies a r.f. field at right angles to 
the magnetic flux and indicates pre- 
cessional resonance of the proton 
nucleus of the hydrogen in water 
surrounding a search coil. There is 
a change in Q of the coil at reson- 
ance which is displayed as a pulse 
on an oscillograph trace. Changes 
in the magnetic field due to in- 
stability can be reduced by a factor 
of 60 by feeding back the pulses to 
the magnet power supply. 
Frequency Standards.—A resonant 
transition between two energy states 
in atoms of the element cesium in 
which the magnetic moment of the 
atom is reversed has been used by 
research workers at M.I.T. as a fre- 
quency standard of high accuracy 
(9192.63185 Mc/s) which is un- 
affected by external fields. By lock- 
ing an oscillator to this frequency 
through a discriminator circuit it is 
possible to establish a time standard 
with a stability of 1 part in 10°. The 
Royal Aircraft Establishment showed 
a light portable version of the origi- 
nal M.I.T. apparatus which had 
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been constructed by Standard Tele- 
phones on a study contract for the 
Ministry of Supply. 

Research and development are no- 
where more closely associated than 
in the improvement and exploitation 
of special materials. Photoconduc- 
tive cells, for the detection of infra- 
red radiation, consisting of single 
crystals of indium antimonide, were 
shown by the Radar Research 
Establishment, while the Research 
Laboratories of the G.E.C. exhibited 
single-crystal cells of cadmium sul- 
phide for the wavelengths of visible 
light in which variations in spectral 
sensitivity can be induced by vari- 
ous activation techniques. Large 
powder-layer cells of this material 
with a peak response in the spectrum 
of tungsten filament light were 
shown which if required can be 
designed to pass currents up to 1 


ampere for the direct operation of 
relays. 


Length and Displacement.—Appli- 
cations of electronic methods to the 
control 


essentially elaborations of simple 
basic principles. The measurement 
of length or displacement, for in- 
stance, can often be made in terms 
of capacitance, or by change of in- 
ductance when movement is im- 
parted to the core of a coil. In the 
“ Magna-Gage” shown by Southern 
Instruments a differential inductance 
transducer actuated by a probe is 
used as a sensitive feeler gauge; a 
10-kc/s output from the transducer 
is amplified, rectified and applied to 
a centre-zero meter with a calibrated 
range of +0.000Sin. The change of 


opaque objects (e.g., metal cans) on 
a conveyor belt which, if touching, 
cannot be registered by conventional 
photoelectric counters. 

For the accurate determination of 
position over a wide range, as in 
machine work tables, a form of 
linear resolver has been developed 
by Plessey in which the equivalent 
of the rotor and stator windings of 
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Pye liquid density indicator. 


a rotary resolver are printed flat on 
superimposed slides. The pole spac- 
ing represents 0.lin and by inter- 
polation settings to 0.0001 in can be 
repeated with an accuracy. of 25 
microinches. A somewhat similar 
principle is employed in a control 
rod position indicator demonstrated 
by the U.K. Atomic Energy 
Authority. Transducer coils spaced 
three to each interval of length 
(pitch) are influenced by steel collars 
attached to the rod. The output from 
one fixed coil is 120° out of phase 
with its neighbour and when each 
group is connected to the three stator 
windings of a synchro, 360° rotation 
is provided for each pitch (0.6 in). 
Settings are accurate to 0.02in in 25 
inches. 

Fluid Density—The density of 
fluids is measured in terms of dis- 
placement in an instrument by Pye 
which uses an inductive transducer 
to register the height of a hydro- 
meter float. Temperature compen- 
sation can be applied electrically 
when the concentration of saline 
solutions is to be controlled. 

Absorption of gamma rays is the 
principle underlying the Ekco fluid 
density gauge. It can be used for 
liquids flowing in pipes of any 
material and will detect changes of 
density of 0.005. 

Liquid Level. — Conventional 
methods cannot be employed when 
radioactive solutions are involved, 
and the problem has been solved by 
the Industrial Group, U.K. Atomic 
Energy Authority, by taking advan- 
tage of the change in low-frequency 
inductance of a coaxial ‘line, consist- 
ing of a perforated stainless steel 
tube with centre rod, when the level 
at which it is short-circuited is 
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Ultrasonoscope automatic scanner for inspection of metal bars. 


altered by the height of the conduct- 
ing solution. 

Magnetostrictive and Piezoelectric 
Transducers for the generation of 
ultrasonic vibration exploit the pro- 
perties of a variety of materials from 
nickel to ceramics, and there was 
evidence of wider use of the latter 
class in many applications. Ples- 
sey, for example, have developed an 
ultrasonic abrasive drill using a 
cylindrical element of barium 
titanate. Increased efficiency of 
energy conversion is claimed for lead 
titanate/lead zirconate ceramics 
which are under development by 
Radio Heaters, Ltd. These 
materials also have higher thermal 
stability and can be worked with 
higher power loadings per cm’ than 
barium titanate. 

Ultrasonic testing of materials for 
flaws has been established for some 
time, and many portable instruments 
using manually operated test probes 
are available. A special installation 
for the continuous testing of metal 
bars was shown by Ultrasonoscope. 
The bar is immersed in a tank of 
liquid and scanned tangentially by 
a beam from a transducer which 
need not be in contact with the sur- 
face of the test piece. The dimen- 
sions of the tank and the spacing 
between transducer and specimen 
are chosen to place irrelevant return 
echoes outside the range of the 
oscilloscope time scale. 

“Bender” elements consisting of 
ceramic strips backed by metal are 
used in relays developed by G.E.C. 
Research. They have’ the great 
advantage that, unlike magnetic re- 
lays, negligible power is required to 
hold the contacts closed. 

Analogue/Digital Converters are 
used in measurement and control 
systems where the voltage output of 
a transducer, measuring some physi- 
cal variable, has to be converted into 
digital form for numerical indication 


or feeding into digital data process- 
ing equipment. Many work on elec- 
tromechanical principles, the usual 
method being to apply the analogue 
voltage to a self-balancing bridge 
incorporating a servo motor. _ The 
rotation of the motor in balancing 
the bridge drives a commutator 
system, and the brushes on this give 
digital signals representing the 
angular displacement and hence the 
amount of bridge unbalance caused 
by the applied voltage. ‘An instru- 
ment in this category shown by J. 
Langham Thompson uses a uniselec- 
tor as 2 combined servo motor and 
commutator. A purely electronic 
method well represented at the 
Exhibition was the. so-called “sub- 
tractive comparison method,” usually 
giving the result in binary notation, 
Here the input voltage is repeatedly 
compared with fixed reference volt- 
ages representing digits of the final 
answer. When the first reference is 
subtracted from the input, if the 


Metropolitan-Vickers d.c. analogue 
computer. 
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residue is positive a “1” digit is in- 
dicated and if it is negative a “0” 
is shown. The residue is then passed 
to the next digit stage, where the 
same process is performed, and so 
on. Elliott, Mullard and Southern 
Instruments all had converters of 
this kind, the Mullard device using 
transistor circuits and giving 8-digit 
binary indication. 

Digital Indicators were very much 
in evidence, especially in association 
with the above-mentioned con- 
verters. The Langham Thompson 
equipment, for example, uses a new 
type of glow discharge tube for deci- 
mal numbers in which the numerals 
are formed by shaped wire electrodes 
placed one in front of the other. 
Each numeral lights up when an 
appropriate trigger voltage is applied 
to it. Other instruments used a new 
indicator made by Hilger and Watts. 
In this, each numeral is engraved on 
a’ Perspex plate, and the plates are 
stacked and illuminated from the 
edges by small lamps. 

Analogue Computers on show this 
year included a new d.c, equipment 
made by Méetropolitan-Vickers and 
notable for its | compactness. 
Designed on the unit principle, the 
drift-corrected d.c. amplifiers are 
balanced and give ‘two outputs of 
Opposite sign, thereby reducing the 
number of amplifiers required for 
certain calculations. The machine is 
suitable for solving differential 
equations and _ studying servo- 
mechanisms by simulation. Elliott 
have furtaer extended the range of 
possibilities of their well-known G- 
PAC d.c. machine with various new 
accessories including a function 
generator and an electro-mechanical 
servo multiplier. 

Transistor Computing Circuits for 
digital work are becoming more 


prominent now that r.f. transistors 
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Siemens-Ediswan transistor-driven Dekatron e¢ounter. 


with 5-10-Mc/s cut-offs are allowing 
faster pulse rise times. Metropoli- 
tan-Vickers were not showing their 
new “950” transistor computer, but 
Ferranti had some interesting plug- 
in transistor logical circuits perform- 
ing simple operations at the high 
digit rate of 1 Mc/s. These do not 
employ conventional Boolean logic, 
but a so-called “ballot-box logic,” 
using small transformers with 
various input windings as the com- 
bining elements—the transistors 
merely acting as pulse amplifiers. 
The units are standardized and inter- 
changeable and can readily be con- 
nected as adders, subtractors, etc. 
Mullard were showing logical circuits 
using both transistors and magnetic 
cores, the last-mentioned acting as 
two-state storage elements and the 
transistors as driving amplifiers. 
Usually, this type of circuit is limited 
by the magnetic cores to operation 
up to about 100 kc/s. 

Pulse Counters of all kinds were 
to be seen in great profusion, mostly 
based on well-known techniques. 
There were, however, a few rather 
unusual examples. Siemens-Ediswan 
had an equipment in which Dekatron 
tubes were driven by pulses derived 
from transistor blocking-oscillator 
circuits—the h.t. for the Dekatrons 
being derived from a _ transistor 
“chopper” power supply so that the 
whole unit could run from only 20 
volts. Mullard had a new transis~ 
tor counter using r.f. junction types 
to permit working at the high p.r-f. 
of 1Mc/s. A Dekatron counter 
designed for automatically printing 
out its figures on a roll of paper was 
displayed by Labgear, while another 
shown by Ericsson had a bi-direc- 
tional facility—the glow discharge 
being moved either forwards or 
backwards according to the direction 
of rotation of a disc from which the 


J Langham Thompson digital in- 
= with strain gauge on the 
right 


Philips pulse height analyser. 


pulses were generated by an optical 
commutator. 

Pulse Height Analysers are accually 
counters arranged to display the 
counts occurring at different pulse 
amplitudes. They are often used in 
conjunction with radiation detectors 
for examining radioactive materials, 
the pulse counts being plotted on a 
graph against amplitude levels. In 
the single-channel type, as shown by 
Isotope Developments, the gating of 
the pulses into the various amplitude 
levels is done by a bias control, which 
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signals, with magnetic-tape playback. 


Redesigned 3-cm microwave course 
beacon receiver made by Elliott. 


is automatically moved slowly 
through the required range in 
synchronism with a pen-recorder 
chart. The number of counts ob- 
tained at each level is then indicated 
by the pen deflection at the corres- 
ponding position on the chart. In 
the multi-channel equipment demon- 
strated by Philips, however, there is 
a separate counter for each amplitude 
level (99 in all). Each incoming 
pulse is arranged to charge a storage 
capacitor to its peak value. The 
capacitor is then discharged in a 
series of accurately controlled steps, 
and the number of steps (which of 
course indicates the pulse amplitude) 
is used to work an electronic rotary 
switch which gates a count of one 
to the appropriate counter. The 
electronic rotary switch, incidentally, 
uses the new “trochotron” high- 
speed beam switching tube developed 
by Ericsson in Sweden. 

Magnetic Matrix Stores, using tiny 
ferrite cores with rectangular 
hysteresis loops, are now being pro- 
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Mervyn Instruments sone Le gga analyser for transducer 


Right : Standard Tele- 
phones magnetic-cell 
storage system. 


duced as complete units on a com- 
mercial basis by both Mullard and 
Plessey. In addition there were 
several experimental arrangements 
on view. Miullard, for example, 
showed how the magnetic cores could 
be switched directly by transistors 
—actually experimental high-fre- 
quency power types giving 2- sec 
pulses of 350-mA amplitude at a 
p.r.f. of 100kc/s. The magnetic-cell 
version, however (using holes drilled 
in a block of ferrite), is more suit- 
able for transistor drive because of 
the lower switching current required. 
S.T.C. demonstrated an example of 
this as part of an error-indicating 
telegraph system. The output sig- 
nals were also amplified by transis- 
tors and fed into a simple transis- 
torized logical circuit. 
Ferroresonant Two-State Devices 
using ferrite-cored inductors were 
demonstrated by Mullard. In these 


the inductor is switched by a trigger 
winding from a high-current, low- 
inductance state, at which it resonates 
with a capacitor, to a low-current, 
high-inductance state, at which no 
resonance occurs (see our July, 1956, 


Polystyrene-copper artificial dielectric microwave lens (Admiralty 
Signal and Radar Establishment). 


issue). Apart from their reliability 
and robustness, these devices have 
the advantage over most other mag- 
netic two-state elements that the 
stored information can be read out 
without erasing it at the same time. 

Microwave Equipment.—It may 
be unusual to use a waveguide as a 
cable in a communications system; 
nevertheless Elliott employ one of 
circular section in a microwave tele- 
phone link they have developed. It 
operates on 8.5mm using the H,, 
mode of transmission and is said to 
have the very: low attentuation of 
2dB per mile and be capable of 
carrying many hundreds of speech 
and television channels. 

Elliott were also showing a re- 
designed version of their 3-cm micro- 
wave course beacon for guiding 
ships into harbour. The receiver 
now employs six transistor stages, 
gives an overall gain of 82 dB and is 
entirely self-contained with 44V 
battery, loudspeaker and receiving 
horn. 

A further development in the con- 
struction of microwave dielectric 

(Continued on page 217) 
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lenses was shown by the Admiralty 
Signal and Radar Establishment. 
This lens is made up from layers of 
a “mosaic” of small copper discs 
on polystyrene film separated 
by honey-comb grids of poly- 
styrene. Transmission losses are 
given at 0.5dB per 100 layers at 
X-Band frequencies and the band- 
width is extremely wide. The density 
of the composite material is only 
one-fifth that of the natural dielec- 
tric. 

According to Mullard, a reason- 
ably cheap way of constructing in- 
tricate sections of waveguide is to 
use a plastic form, give it a 40-thou. 
coating of silver, dissolve out the 
plastic and, after adding flanges and 
other items, fix it to a steel support- 
ing yoke. Other examples of wave- 
guide components were shown by 
Hilger and Watts and by Sanders 
Electronics; the latter firm had some 
improved versions of their “inex- 
pensive” X- and J-Band (8 to 12 
and 12 to 18kMc/s repectively) 
waveguide test benches. 

Materials with a high absorption 
characteristic over the range 2.5 
kMc/s to 50kMc/s are being pro- 
duced by Plessey mainly for micro- 
wave “darkroom” applications. 
Grade AF10 and Grade AF11 are a 
kind of foam rubber made in 1-ft 
squares with one surface of cellular 
formation. The cells provide a 
graded transition from the imped- 
ance of free space to that of the 
highly attenuating material, and over 


the 10- to 50-kMc/s band absorption 
is of the order of 99.7%. A loaded 
rubber material, Grade M, is also 
available for shielding radomes when 
bench-testing radar scanners. 


Transistor Components.—Further 
miniaturization of transistor com- 
ponents was the key-note of Forti- 
phone’s exhibit this year. Encapsu- 
lation in epoxy resin is used exten- 
sively and, as an example of what can 
be achieved in this way, there was 
an encapsulated three-stage transis- 
tor a.f. amplifier which would lie on 
a penny without overhanging the 


‘rim of the coin. A new “Z” series 


of transformers measures only 
0.575 x 0.25 x 0.25in overall and 
production has been made possible 
by a new technique in winding fine 
wires, such as No. 52s.w.g. 
Extension of the Plessey series of 
tantalum electrolytic capacitors now 
brings six different sizes into the 
transistor category. These range in 
size from a button type, no larger 
than a sixpence, to a tubular style of 
0.08in diameter and 0.lin long. 
Capacitance range is from 0.25 to 
750 uF and from 3V working to 
70V with numerous intermediate 
values and working voltages. 


Miscellaneous Equipment.—Two 
items of equipment not fitting into 
any particular category in this ex- 
hibition was a Radyne 1-kW induc- 
tion heater, for “firing” the getter 
in thermionic valves and heating the 
electrodes during the “pumping” 


stall tee 


Sub-miniature three-stage transistor 
a.f. amplifier (Fortiphone). 


Plessey microwave absorbing 
material, Grade AFI 1 


process. A u.hf. mobile radio-tele- 
phone for use in the 450- to 480- 
Mc/s band, made by Elliott, oper- 
ates on a single crystal-controlled 
frequency. The transmitter output is 
between 10 and 20 watts, according 
to the radiated frequency, and the 
receiver is a double super-hetrodyne. 


Electronically Changed Transformer 
Taps to reduce the effect of mains 
voltage variations are discussed in a 
leaflet from Claude Lyons, Ware Road, 
Hoddesdon. Input changes of up to 
—20% or +10% from the ae 
value are reduced to within +5% of 
this value. The waveform is not dis- 
torted, and control is unaffected by 
frequency variations from 45 to 65 c/s. 
Alternative ratings of 2} and 5 amps 
are available, and the power consump- 
tion is only 15 watts. 

tals and Temperature 
Controlled Ovens in many different 
ranges are the subject of a leaflet from 
Bulova Watch Co., 62-10, —— 
Avenue, New York. Individual f ~\~s 
cies range from 16kc/s to 100 Mc/s 
and include standard crystals from 
140kc/s to 250kc/s. Two of the six 
ovens permit control to within 4°C. 

Two Transistorized p.a. Am 
giving 10 or 15 watts output at 15 ohms 
impedance for 5mV low im 
input are described in a leaflet from 
Lustraphone, St. Georges Works, Re- 
gents Park Road, London, N.W.1. 
Power consumption for either amplifier 
ranges from about 24 watts > Gee 
to 20 watts (peak). The is 5gin x 
3tin x 3Zin and the weight t 34lb. New 
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microphones are described in another 
leaflet from the same company. These 
include a tubular hand microphone for 
close-talking in high ambient noise. 

Kit-Model Oscilloscope and Valve 
Voltmeter are described, with very full 
constructional details, in two brochures 
from Cossor Instruments, Highbury 
Grove, London, N.5. The oscilloscope 
I -amplifier sensitivity is variable up to 
50mV/cm with a frequency response 
3dB down at 5c/s and 3Mc/s. A 
ones voltage at 50c/s is avail- 
able. e valve voltmeter has full- 
scale ranges from 1.5 to 1,500 volts d.c. 
or a.c. As an electronic ohmmeter it 
measures 0.102 to 1,000MQ with in- 
ternal battery. On ranges up to 
150 volts the frequency response is 
from 40c/s to 1 Mc/s within +10%. 

and of the miniature 
“Jones” type. A new range under 
the name “ Multicon” incorporating 
many improved features is described in 
a comprehensive illustrated catalogue 
from Painton and Co., Kingsthorpe, 
Northampton. 

Nickel Plating for engineers. A use- 
ful illustrated booklet of 72 pages, in- 
cluding surface preparation, commonly 
used solutions, plating procedures, plant 


required and mechanical properties of 


deposits and methods of testing them. 
From The Mond Nickel Company, 
bank, do 


craft, incorporating 
finders and Consol meters. Transmit- 
ter: 17 watts output, crystal controlled 
on any i. = ht channels between 1.6 and 
6Mc/s. eceiver: sensitivity 8V for 
20dB signal/noise; af. facilities on all 
wavebands 150k¢/s-3.8Mc/s. Equip- 
ment operates 12V or 24V_bat- 
teries. Details on leaflets from W. Wood- 
son’s Marine Radio Manufacturers, 
Greenbank Road, Aberdeen. 
Rectiilinear Recorder, 
with two independent galvanometers 
and inking systems for side-by-side re- 
two variables on a common 
time base. Sensitivity: 0.45in/100A. 
om speed: 0.25sec/f.s.d. ‘en chart 
ds are available. Folder from 
Tesss 7 ten 


Speedway, Hous’ 
Potting Service, deplete develope and 


production of resin-encapsulated elec- 
tronic circuits and components, is out- 
lined in an illustrated brochure from 
Lion Electronic Developments, Lion 
Works, Hanworth Trading Estate, 
Feltham, Middlesex. 
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ESPECIALLY OF 


To tell the truth, this was to have been “‘ Blocking 
Oscillators.” ‘The general idea was that a blocking 
oscillator circuit, which looks one of the simplest 
oscillator circuits known, is made up of still simpler 
combinations of resistance and capacitance or re- 
sistance and inductance, whose principles are very 
familiar. By first quickly reviewing these principles, 
the explanation of the complete blocking oscillator 
circuit was to have been rendered foolproof (if 
you will pardon the-implied insult). 

In spite of the fact that the more knowledgeable 
the authority the worse the reputation he gives the 

blocking oscillator for obscurity, this is still roughly 
my plan. Where it came unstuck in detail was that 
es ole of med rinciples of simple combinations of 

inductance turned out to be con- 
siderably ions familiar—to me, anyway—than I 
had So much so that I have had to abandon 
the quick preliminary review idea and expand it 
into a full topic, postponing the blocking oscillator 
until next time. 

You will have noticed that I still reckon the be- 
haviour of combinations of resistance with capacitance 
as familiar. But in case I am wrong about this— 
and for the sake of comparison with the inductive 
counterparts—I am going to review it all the same. 
There are various ways of doing it, but for the 
purpose in mind I think it will be best to look at the 
arrangement shown in Fig. 1. 

Here C is supposed to start uncharged, at v, = 0. 
Unlike resistance, across which a voltage can jump 
instantly from one value to another, the voltage 
across a Capacitance can only change gradually, as a 
result of a transfer of energy to its electric field, 
caused by the flow of current into it for a period of 
time. So immediately the circuit has been closed by 
moving the switch to A, vg is still nil. The whole of 
V is therefore free to drive current through R, 
and the amount of this current can be calculated 
by what is commonly though not very correctly 
referred to as Ohm’s law—i = V/R,. This current 
starts to charge C, so v, begins to build up. 

Capacitance has its own ‘‘ Ohm’s law,” namely, 
that the voltage across it due to Q amp-seconds that 
have flowed into it is Q/C. If our charging current 


eins, eS 
R, R2 


T / f 
Ve | 
Fig. |. The first experiment: C is charged by switching to 
A and then discharged by switching to B. 
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INDUCTIVE CIRCUITS 


By “CATHODE RAY” 


Fig. 2. Time cyrves of 
(a) current into and (b) 
voltage across C in Fig. | 
from the moment of  switcy 
switching to A. Aftera TOA 
period equal to RyC (the 

‘time constant ’’) the 
charging process would 3 V}----7-5-4---== 


RC TIME 


have been completed if fii 3 
so starting rate had /\ 
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V/R,, continued steadily for t seconds, C would 
thus be charged to 


V/R, Xt 
Cc 


So we can calculate the particular time T which 
would have to elapse for C to be charged up to the 
full applied voltage Y: 

VT 
R,C 
Rey = R,C 

This time T, sufficient for a capacitance to charge 
fully to any voltage applied through a resistance, 
if the starting current were maintained, is what is 
called the time constant; as we see, it is equal to the 
capacitance multiplied by the resistance, in ohm- 
farads or megohm-microfarads to give seconds, 

Obviously the starting current is not main' 
for directly v, begins to grow there is that much less 
of V to drive current through R,. When C is half 
charged, only half V is available, so the current and 
hence the rate at which v, grows is half what it was 
at the start. The graph of the current thus has the 
peculiarity that the steepness of its slope at any 
point is proportional to its height at that point, as im 
Fig. 2(a). The name for this peculiarity is exponential. 
Its mathematical equation (but don’t bother about 
it if you don’t want to, for we shall not be using it) 
in this case is 


volts 


: V —t/B,0 
i x 1 
where ¢ is the base of natural logarithms (2.718...etc,). 

According to the late Dr. Ohm, the voltage across 
a constant resistance is directly proportional to the 
current through it. Consequently the i curve, Fig 
2(a), will do also (to an appropriate scale) as a curve 
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of vg,, the voltage across R,. 
effi 


This is economy of 


ort. 

The advantage of having a curve of v,, is that 
because g, and v, everywhere add up to the con- 
stant voltage V, which is equal to the starting value 
of 0g;, a curve of v, (Fig. 2(b)) can be obtained by the 
simple operation of turning the v,, curve upside-down. 
This is another economy of effort. The vo curve 
helps one to visualize the charging process, for it 
shows how V is shared from moment to moment 
between C and R,: at first, entirely across R,; then 
increasingly—but at a reducing rate—across C. 

In both parts of Fig. 2 the starting slope of the 
curve is shown continued as a dotted line, to indicate 
the time constant, R,C seconds. It turns out that in 
that time the curve has always gone just over 63% 
of the way towards its destination, leaving nearly 
37% to go. In twice the time (2 R,C) the v, curve 
has 0.37°V = 0.135V left to go; in 3R,C, 0.37°V = 
0.05V; and so on. 

The gap never completely closes, but when it has 
become negligible we flip the switch over to B. The 
voltage applied through R, is zero; so uv, (starting 
practically equal to V) changes via another exponen- 
tial curve towards that value, as we see in Fig. 3(b). 
For the fun of it I have made R, greater than R,, 
so the time constant is greater, and more time is 
taken to go the statutory 63% of the way from 
starting to finishing voltage. Nevertheless, this die- 
away or discharge has the same shape as the build-up, 
differing only in horizontal scale and in being upside- 
down. 

The discharge current, too, has the same shape as 
the charge, but because the current is in the opposite 
direction it must be reckoned negative (Fig. 3(a)). 
And besides the change of horizontal scale there is a 
change of vertical scale, for the higher resistance 
means less current. 

So much for capacitance and the building up and 
releasing of its electric field. When we considered 
duality* I mentioned that the great advantage of the 
idea was that it gave two sets of information for the 
price of one. (More economy ot effort.) Having 
taken the trouble to work out what happens in circuits 
combining resistance and capacitance, say, one 
doesn’t have to think it all out again for resistance 
and inductance. Inductance being the “‘ dual” of 
capacitance, one can use the same formulz, curves, 
etc., after having made the necessary exchanges with 
the other duals involved; e.g., current for voltage, 
and series for parallel. 

This being so, there might seem to be little excuse 
for the principles of RL circuits being less familiar 
than the RC principles just reviewed. Actually, 
however, there are several excuses, not counting the 
one that lots of people still don’t know about this 
new-fangled duality (actually, like most things, quite 
old). For instance, a strict dual of the circuit in Fig. 1 
is not really practicable. In Fig. 1 there is no great 
difficulty in switching the charged C from A to B 
without anything much happening to it en route. 
But to transfer its dual—an inductor magnetized by 
current—intact from one circuit to another it is 
necessary to short-circuit it in such a way that the 
total resistance is zero. But whereas it is possible in 
practice to have a good approximation to a capacitance 
with no shunt conductance, one can only get a 
good approximation to an inductance with no series 


*April 1952 issue, or Chap. 35 in “ Second Thoughts.” 
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resistance by reducing its temperature to nearly 
273°C below zero, which is inconvenient. 

Yet another complication is mutual inductance, 
which has no counterpart on the capacitive side. 

Still, we shall be able to trace an analogy with 
at least the first part of the Fig. 1 experiment if 
we adopt the arrangement shown in Fig. 4. 
With C we started from the fact that the voltage 
across it cannot be changed instantaneously; it is.a 
measure of its electric field and has to be built up 
by current flowing in for a period of time. With 
L, the current through it cannot be changed in- 
stantaneously; it is a measure of its magnetic field, 
and has to be built up by applying an e.m.f. for a 
period of time. So imm 'y the switch in Fig. 4 
has been closed there is no current through L. 
Consequently there is no current through R,, 
sO no voltage drop across it, so the whole of v 
appears across L. That makes current begin to 
flow, and the current creates a magnetic field. 
The growth of this field induces a back voltage, 
which is the only thing the voltage applied to L 
has to face. So the current automatically grows 
at the rate which induces a voltage equal and oppo- 
site to the applied voltage. The inductance L in 
henries means the number of volts it induces when 
the current is changing at the rate of 1 amp. per 
second, or 

Vv = L xX amps per sec 

So the current starts growing at V/L amps/sec. 

Obviously it can’t grow beyond V/R, amps, 
because the whole of V would then be occupied in 
driving it through R, and there would be nothing 
to spare for L. Let T be the time required for the 


+ Fig. 3. The Fig. 2 curves are 
Vv here continued to show the 
R discharging process. The slower 
(a) rate is because R, is greater 
: than R;, 
i 
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Fig. 4. Inductive counter- 
part of the first phase of 
the Fig. | experiment. Vv 
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Fig. 5. These current Vv 
and voltage curves for 
Fig. 4 are the same as 
the voltage and current / v 
curves for Fig. | (shown rt] / 
as Fig. 2). 
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This, then, is the time constant for the growth of 
current in a circuit consisting of L and R,. Note 
that the greater the resistance the shorter the time 
for the current to reach its full amount at the starting 
rate. 

Just as the voltage across C could not keep up 
its starting rate of growth, but eased off into an 
exponential curve, so with the growth of current 
in L. Fig 2(b), in fact, would do equally well as 
a graph of current growth in an inductive circuit. 
And correspondingly Fig. 2(a) could just as well 
be a graph of voltage across the inductance during 
the same period. Clearly T is now the time for 
the current to reach 63% of its full value, or the 
transient inductive voltage to decline to 37% of 
its peak. For comparison with Fig. 2, the LR, 
circuit curves are shown in Fig. 5. 

If we try to duplicate the second part of the Fig. 1 
experiment with inductance we get into difficulties. 
Opening the switch in Fig. 4 would (theoretically) 
make the current change abruptly from its full 
V/R, amps to zero, which is what I said was im- 
possible. It is impossible because an infinite rate 
of change of current would induce an infinite vol- 
tage. What happens in practice is that the voltage 
rises enough to produce a spark or arc at the switch 
points, which prolongs the decay of current for a 
short time after they have separated. If the induc- 
tance and the current are large, so that a lot of 
energy is stored, the result will be spectacular. 
I remember once in student days pulling out a 
plug connecting d.c. to the field windings of a 
large dynamo. If I had happened to be holding 
the metal parts with bare hands it would probably 
have been fatal. Nowadays the effect is employed 
to advantage in generating the thousands of volts 
needed for the cathode-ray tube in the domestic 
television set. 

As already mentioned, the strict dual of the 
Fig. 1 circuit is impracticable, because it is not 
possible to have inductance even approximately 
devoid of resistance. Short-circuiting a real in- 
ductor doesn’t keep the current flowing through it 
indefinitely, as it would if there were no resistance. 
So the usual Part 2 of the story is to suppose that 
V suddenly ceases to function, allowirig L to “ dis- 
charge’ through R,. The result, of course, is an 
exponential decline in current, this current being 
driven through R, by the inductive “‘ kick” caused 
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by that decline of current making the magnetic 
field linking L collapse. Having already extended 
Fig. 2 into Fig. 3, you should have no difficulty 
in extending Fig. 5 to cover this phase of opera 
tions, even if you didn’t already know it. The time 
constant, of course, is uncharged, so except for 
being inverted the curves for this second phase 
are exactly the same as for the first. 

Seeing that all real inductors have some resis- 
tance, it will be worth a few moments to consider 
what effect this resistance has on the voltage wave- 
form one would actually observe in practice. In 
Fig. 6 the theoretical Fig. 4 is brought nearer reality 
by inserting r to represent the resistance of the 
coil. If could of course represent any added resis- 
tance as well. Clearly the current curve has the 
same shape as before, since r might be part of R, 
for all the current knows about it. But to v, shown 
in Fig. 5(b) there must be added a co 
proportional to the current 7, as in Fig. 7(a). 

If there were some inductance mixed up with 
R,, its voltage waveform would cease to be an exact 
copy of the current, Fig. 5(a), and would be mixed 
with some of Fig. 5(b), as in Fig. 7(b). In fact, if 
the time constant of R, and its inductance were 
made the same as that of r and L, the voltage wave- 
forms of both would be flattened out, free of any 
transients, just as if there were no inductance any- 
where, notwithstanding that the current waveform 
would still grow exponentially from zero. 

And now we come to the bits that may not all 
be quite so familiar. For dealing with the blocking 
oscillator we shall have to take account of wha’ 
happens when there is another circuit inductively 
coupled. To simplify matters let us suppose that 
the second coil in Fig. 8 has the same number of 
turns as the first, and that the coupling is 100%, 
which: means that all the magnetic flux due to 


Fig. 6. A real inductor 
includes some resistance, 
shown here as r, as well 
as inductance L. 
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inductance (Fig. 5(b)) is modified by the resistance r in 
Fig. 6. (b) If some inductance were to be added to R, in 
Fig. 4, the curve of voltage across it (Vz) would be 
modified to such as v’R. 
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Fig. 8. Addition of a resistance-loaded secondary coil to 
the Fig. 4 experiment. 


current in one coil links both equally. In practice 
this condition can be nearly attained by using a 
high-permeability closed iron core. (The amount 
of magnetic flux is then not strictly proportional 
to the current, but for our simple study we shall 
assume that the current is not large enough for this 
effect to be important.) 

Suppose we now set up a voltage across L,, 
say by closing the switch and starting a flow of cur- 
rent. The voltage thereby induced in L, causes 
current to flow through R,. This current also flows 
through L,, and affects the flux and therefore the 
voltages induced. It looks as if we are faced with 
a vicious circle which will make calculating the 
upshot of the whole thing very complicated. 

Thanks to our forethought in choosing equal turns 
and 100% coupling, however, it is actually quite 
easy. The result of these conditions is that whenever 
the amount of flux in the core changes, the change 
affects both coils equally, inducing equal voltages 
in them. And the flux that does this is not due to 
current in either coil separately, but the resultant 
of both currents. So it makes no difference to the 
behaviour of the system shown in Fig. 8 if the two 
coils are merged into one, as in Fig. 9. True, we 
can no longer distinguish the two currents 
actually flowing in L, and L,; we now know only 
the resultant of both, but since that is what creates 
the magnetic flux it is all we need. For example, if 
the current through L, at any given moment is 3A 
and the current through L, is —2A (i.e., 2A in the 
direction opposing the flux due to the 3A), the 
equivalent is 1A through L. Note that the —2A 
in L, goes through R, in the same direction as if 
+2A came direct from the source of the 3A, as 
shown in Fig. 10. 

This amalgamation dodge is a great help. Instead 
of having to embark on a tricky lot of calculations, 
with secondary current affecting the fiux due to the 
primary and hence the induced voltage, etc., we 
can see at once that when the switch in Fig. 9 is 
closed (and before current has had any time to build 
up through L) the current i = ig, = V/(R, + R,), 
and the voltage v, is VR,/(R, + R,). oe R, 
act simply as a potential divider. After a long _ 
when the current through L is fully grown, so 
that the voltage across it—and of course across Ry— 
has died down to zero, V is occupied solely against 
the resistance, R, so i = i, = V/R,, and ig, = 0. 
So the finishing line for current is the same as in 
Fig. 5(a), but the starting line for voltage is lower 
than in Fig. 5(b). 

The only other thing we need know in order to 
complete the curves as modified by R, is the time 
constant. Before going any farther, try guessing how 
R, will affect it. My first line of argument was that 
loading a transformer secondary with resistance 
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Fig. 9. On the assumption that i and L, have equal 
numbers of turns, coupled 100%, Fig. 8 can be simplified 


by merging the two coils into one, as here. 
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Fig. 10. This comparison shows how opposing currents 
through L, and L, are equivalent to their difference flowing 
through L. 
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Fig. 11. For purpose of 
calculating the time 
constant, Fig. 9 can be 
further simplified by t VR 
Thévenin’s theorem to i R+R; 

the same circuit as L 
Fig. 4 but with different 

values. 


makes the whole thing less inductive from the view- 
point of the supply; time constant is proportional 
to inductance, so connecting R, shortens it. Well, 
let’s see. 

But how? Even the simplified equivalent circuit, 
Fig. 9, doesn’t give a very obvious lead towards 
how to set about it. Fortunately the problem is an 
easy one—if we remember Thévenin’s theorem”. 
According to this, the system to which L in Fig. 9 
is connected can be replaced (so far as L is con- 
cerned) by a simple source and series resistance— 
exactly as in our original inductive circuit, Fig. 4, 
in fact—in which the voltage of the source is what 
appears across the gap when L is removed, and the 
series resistance is the resistance that would be 
measured across that gap if any e.m.fs. ceased to act. 
We have already calculated the equivalent source 


R, + Ri VR/R + 
resistance is R, and R, in parallel: R, R,/(R, + R,). 
peice pen hynny Bend 
of calculating the time constant is Fig. 11. 
Tnstead of L being divided by R, as in Fig. 4 it is 
divided by R, and R, in parallel—a lower resistance 
—so is greater as a result of connecting R,. I still 
find this rather surprising. 
Although Fig. 11 is equivalent to Fig. 9 or 8 
when the switch is closed, it obviously isn’t when the 
switch is opened; for further consideration of our 
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loaded transformer we revert to Fig. 9. You will 
remember that we couldn’t draw curves or do 
any thing definite like that about the consequences 
of open-circuiting the simple inductor in Fig. 4, 
because theoretically it is impossible. The current 
through an inductive circuit cannot be changed 
instantaneously from one value to another. The 
same applies when L, is added. But when R, is 
connected, Fig. 9 makes clear that the current 
through the inductor doesn’t have to change suddenly 
even when the switch is flicked open; it can continue 
flowing—through R,. In fact, adding L, and R, 
to Fig. 4 provides a close analogy with the two-way 
switching in Fig. 1; the effective ‘“‘ charging ”’ resist- 
ance in the “‘ make ”’ position is R, and R, in parallel, 
and the “‘ discharging ” resistance in the ‘“‘ break ” 
position is R,. The only thing is that the time 
constant in the second position is bound to be shorter, 
whereas with Fig. 1 we could do as we pleased. 

If we look again at Fig. 8 instead of Fig. 9 we 
realize now that the current through L, can cease 
instantly, without any nonsense about an infinitely 
high induced voltage. This is the second possibly 
surprising thing, because at first glance it seems to 
contradict a basic principle. It probably has a bearing 
on perplexities experienced in the study of blocking 
oscillators and pulse circuits generally. The explana- 
tion of the paradox, of course, is that the cutting 
off of current through L, is exactly neutralized by an 
equal and opposite current change in L,. In terms 
of Fig. 9, it means that there is no sudden change of 
current through L. Another way of putting it is 
that the magnetic energy built up by current in 
one winding of an inductor, and which would 
manifest itself as a flash or shock or the like if 


Fig. 12. Current and voltage curves for the Fig. 9 circuit. 
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dispersed abruptly; can be safely and silently 
** discharged” by a pulse of current entirely in a 
separate winding. 

Although so far everything has been going very 
smoothly, it is quite easy to trip up over the details; 
and as this is going to be the crux of the matter 
next month it will be worth recording graphically 
what we have found about the whole Fig. § 
experiment. 

First of all we shall do it on the basis of the 
simplified circuit, Fig. 9, amd then analyse the 
combined current through L into its separate L, 
and L, components. 

Let us deal first with the “‘ switch closed ” phase, 
We know (from Fig. 11) that the current i, through 
L begins from zero and rises exponentially towards 
V/R, with a time constant L(R, + R,)/R, R, 
so that can be plotted (Fig. 12(a)). The corres- 
ponding voltage v, can then be plotted, for the 
time constant is of course the same, and the starting 
point is VR,/(R, + R,). Having settled L we 
must shift our attention back to Fig. 9 for R, and 
R,. Voltage V is easy, because it is constant. And 
the difference between V and wv, gives us Ug). 
That completes the first half of the voltage diagram, 
Fig. 12(b). The current i follows from v,,, being 
directly proportional to it (= v ,,/R,), sO we can 
plot that. And since igg = 1 — tz, tre appears in 
Fig. 12(a) as the difference in level between the 
already plotted i and 7, curves. 

Before opening the switch let us analyse i, into 
iz3, and iz. This is easy if we remember 
i;, is t (see Fig. 8) so can be plotted in Fig. 13 
direct from Fig. 12(a). And i,, is minus ip, SO Can 
also be derived from Fig. 12(a), or alternatively from 
the definition of i, as i,;+1,. (Fig. 10), curves of 
i;, and i,, being already available. The interesting 
thing to note is that current springs instantaneously 
to the value V/(R,+R,) in both coils L, and L, 
directly the switch is closed; this is possible because 
the magnetizing effects of these currents exactly 
cancel out. Magnetic flux then grows gradually 
owing to i,, increasing and i,, dying away. 

When the switch is opened, i promptly ceases 
and remains ceased. So that current is easily 
shown in Fig. 12(a). And so is v,,in Fig. 12(b). 
The current flowing through L must at first be 
the same as it was just before the switch was opened 
—practically=V/R,. It declines exponentially to 
zero, with a time constant that is clearly L/R;. 
That is less than with the switch closed, so we must 
show it dying away quicker than it grew. And 
because igg=—t,, we plot it as a perfect reflection 
of i,. 

Right at the end there is a possible catch—or 
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even two catches—if we are over-confident. Our 
v;, is clearly the same thing as the voltage across 
R,, and that (as every student of Ohm knows) is 
exactly proportional to iz,, which we have plotted. 
So we must give v, the same shape. But seeing 
i, positive in Fig. 12(a), and perhaps with i,,= 
—izg still (though irrelevantly) in mind, there is just 
a chance that one might hastily show v, positive 
in the second half, as in the first. If studying the 
directions of the arrows in Fig. 9 doesn’t keep us 
correct in this matter, the fact that the voltage across 
L must clearly change sign when increase of flux 
changes to decrease will surely do so. 

Even now one might be tempted to copy the first 
part of the v, curve in amplitude, though reversing 
itin sign. If so, we ought to be warned by seeing 
the negative “‘ half-cycle ”’ smaller than the positive, 
owing to its shorter time constant. The truth is, 
of course, that this shorter time constant means that 


the flux is collapsing quicker than it grew, so the 
induced voltage is greater at “‘ break” than at 
** make ”; and if you work it out you will find that 
the negative peak of v, is equal to VR,/R;. So 
what the negative half-cycle lacks in duration it 
exactly makes up in amplitude. That this is so 
can be seen even more directly by comparing the 
amplitude of ig, at “‘ break”’ and “‘ make.” 

The second part of Fig. 13 has no catches, for 
we have a curve of i; in Fig. 12(a), and i,, is zero all 
the time, so i,, must be the same as i,. 

If you are just beginning to get interested, you 
could do a little homework for next time by thinking 
out how these waveforms are modified if the ideal 
transformer we have been assuming is brought 
one step nearer reality by making its coupling a 
little less than 100%. This can be ted by 
a small amount of uncoupled inductance (“‘ leakage 
inductance”) in series with each winding. 


Third International lesivenent Show 


Exhibits by 54 Firms from Nine Countries 


a exhibition of mainly electronic instruments, 
organized by B. & K. Laboratories, Ltd., differs 
from the too-many others in the field by its inter- 
national character. It, therefore, provides an oppor- 
tunity for inspecting apparatus much of which is 
unfamiliar, and for making comparisons with home 
products. The setting this year (March 25-29) at 
the Caxton Hall, London, enabled the exhibits to be 
examined in comfort. 

The following report is confined to apparatus not 
seen at last year’s Show. The nationality of the 
firms mentioned, where not stated, is American. 

The Ampex Corporation specializes in tape recor- 
ders, but in contrast to last year’s exhibits of sound 
recorders mainly for entertainment they demon- 
strated highly developed machines for data storage. 
One shown uses half-inch tape, with a choice of six 
speeds from 13 to 60 in/sec, and up to 14 tracks. 
At the highest speed the frequency response is 100 
to 100,000 c/s. By the use of multiplex, over 1,000 
channels of simultaneous data can be recorded. In 
one of several available recording techniques, the 
small residue of variation inevitable with such a 
medium as plastic tape is excluded by recording a 
sinusoidal reference signal, the frequency of which 
can be stabilized to within almost any desired limits; 
the recorded data, in the form of frequency ratios 
relative to this standard, are immune from varia- 
tions in tape speed. Such recording machines are 
now being widely used, especially in armament re- 
search and in conjunction with computers. 

The same firm has produced, but was unable to 
spare a sample to show, a “Videotape” recorder 
for television, with a frequency response from 0 to 
4Mc/s. This machine uses 2-in tape at the remark- 
ably low speed of i5-in/sec. Instead of a fixed 
recording head, producing a longitudinal track, four 
heads are mounted in a rotating drum and scan the 
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tape, which is brought into contact with the drum 
throughout its width. Sound is recorded conven- 
tionally along one edge of the tape, and there are 
two tracks along the other edge for cues and editing 
markers. The usefulness of such machines in tele- 
vision broadcasting is obvious, and it is understood 
that six are already on order for Britain. 

A large proportion of the Bruel & Kjaer (Den- 
mark) instruments on show were concerned with 
audio testing. As reported briefly last year, they are 
especially suitable for performing such tests rapidly 
and automatically, and this year the range has been 
extended. One key unit is a continuously motor- 
driven beat-frequency oscillator, 20 to 20,000 c/s, the 
output of which, through the equipment under test, 
may be observed on a valve voltmeter scale, a long- 
persistence c.r. screen, a cartesian or polar recorded 
diagram, or any combination of these. Other instru- 
ments enable an output or response to be selectively 
analysed. By means of a mechanical coupling be- 
tween the oscillator-recorder and a slowly rotating 
turntable, the automatic plotting of a microphone 
polar diagram was demonstrated. Reverberation 
diagrams of an auditorium over the whole a.f. range 
can be taken completely automatically. Hearing aids 
can be checked visually and/or on paper for ampli- 
tude/frequency characteristics in a few seconds; 
and, by successively coupling a selective detector 
to multiples of the source frequency, the various 
harmonic distortions can also be automatically 
plotted. One of the completely new instruments 
was for measuring the acoustic absorption coeffi- 
cients and complex impedances of materials by 
standing waves in an acoustical transmission line. 

Signal analysis by frequency scanning was shown 
by Panoramic Radio Products and by Kay Electric 
Co. The former have three models of scanning 
superhet receiver, with band frequencies of 200 kc/s, 
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1-Mc/s and 10 Mc/s; and the latter a sweeping oscil- 
lator within the band 10 to 350kc/s, the repetition 
frequency being adjustable from 0.5 to 2c/s. 

Testing of the ability of electronic equipment to 
stand up to vibration is now of great importance, and 
perhaps the most massive exhibit’ in the Show was 
a “vibration exciter” by M. B. Manufacturing Co., 
capable of imposing a test force of up to 3,500lb 
over the range 2 to 2,000c/s. This is not the largest 
by this firm, however; one model is rated at 12,500lb 
over the same frequency—nearly six tons! 

Humidity is another factor in equipment testing, 
and hygrometers for measuring it are not on the 
whole very satisfactory. The introduction by EI- 
Tronics of a plastic whose electrical resistance is 
proportional to relative humidity, the temperature 
coefficient being quite small, is, therefore, most inter- 
esting. Hygrometers embodying it were shown. 

Work on colour television necessitates accurate 
measurements of phase angle. This is one impor- 
tant use of the Type 205A phase detector by Ad- 
vance Electronics. A variable delay line is used to 
delay the unknown for a sufficient time to obtain 
a reading on an output indicator. The unknown 
phase angle or time delay is read off the dials of 
the delay line. 

For providing action.delay of the order of seconds, 
the relays by Electronic Speciality Co. are useful. 
They are available in three classes: less than 0.5 sec, 
0.5 to 5 secs, and over 5 secs. 

A number of new voltage stabilizers were to be 
seen, one by H. Struers (Denmark) being unusual 
in providing an electronically stabilized source of 
a.c. for heaters, etc., up to 4-5 amps in the range 
5.8 to 8.2 volts, to limits of 3-4mV. An h.t. stabil- 
izer was convincingly demonstrated by rapidly 
varying the input voltage over 20 volts or more and 
showing that the variation in output voltage was 
lmV or less; this is achieved by a combination of 
saturated-iron and electronic techniques. 

The well-known “ Unipivot ” range of instruments 
by the Cambridge Instrument Co. (U.K.) has been 
extended by a r.f. milliammeter for use up to 
10 Mc/s, having five vacuo-junctions selected by a 
range switch without breaking the circuit. 

Valve voltmeters shown last year were notable for 
low ranges—in one case reading down to fractions 
of.a microvolt. This time attention was attracted 
by a model with five ranges, the lowest f.s.d. being 
5 kV and the highest 100kV. The most impressive 
parts, not surprisingly, are the terminals; they are 
both of e.h.t. type, for the instrument is arranged 
to measure the vector sum of two phases. 

It was unfortunate that customs difficulties held 
up the appearance of a decade resistance box by 
Electro-Measurements, for they have brought a new 
look to this usually stereotyped piece of equipment 
by arranging as many as six decades concentrically. 
The dials can thus be easily handled and read off, 
and much panel space is saved. 

Progress in design and applications of transistors 
was noticeable; for instance, germanium tetrodes 
by Texas Instruments with a cut-off frequency as 
high as 200 Mc/s, and silicon transistors by this 
firm and also by Raytheon. 

In the valve department, the most interesting 
examples were some of the types for microwaves. 
Several travelling-wave tubes for S-band and X- 
band were shown by Huggins Laboratories with a 
small-signal gain of 30-35dB over a 2:1 frequency 
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band. The Sperry t.w. tube for the L-band (around 
1,300 Mc/s) has a peak output of 7kW, at which ~ 
the gain is 34dB. Sperry also showed a klystron 
power amplifier with a peak output of 15kW at 
2,700-2,900 Mc/s and examples of the new uses 
of ferrites in microwave circuits. 

Other interesting microwave equipment included 
the standing-wave detector, by the P.R.D. Co., for 
100 to 1,000 Mc/s. Instead of the lengthy slotted 
line usually needed for these frequencies, it is a 
compact unit weighing only 44lb, consisting of a 
coaxial tee junction, a manually driven pick-up 
probe assembly and a normalizing standard reac 
tance. The angle of reflection coefficient is directly 
read off a dial after it has been set to minimum 
indication on the associated meter. The De-Mornay 
Bonardi range of microwave equipment was notable 
for the very high frequencies provided for—from 
5,800 to 90,000 Mc/s. 

A noise-factor meter for both low and high radar 
frequencies was shown by Magnetic AB (Sweden), 
The source of noise is, for 5 to 300 Mc/s, a noise 
diode, and for 1,200 to 12,400 Mc/s a gas discharge 
tube. The source is electronically switched on and 
off, and the noise fed into the amplifier under test. 
A train of pulses of two different amplitudes, cor- 
responding to noise-on and noise-off, is obtained, 
and the amplitude ratio is measured by an indicator 
directly calibrated in noise-factor dB. In this way 
. is possible to adjust equipment to minimum noise 
actor. 


CLUB NEWS 


Birmingham.—J. Walker (G5JU) will demonstrate the 
Eddystone 888 receiver to members of the Midland Amateur 
Radio Society on May 21st. Meetings are held on the third 
Tuesday of each month at 7.30 at the Midland i 
Paradise Street. Sec.: C. J. Haycock (G3JDJ), 360, 

Road, Birmingham, 17. 

Bury.—At the May 14th meeting of the Bury Radio 
Society M. Barnsley (G3HZM) will give a talk on direction 
finding. The club meets on the second Tuesday of each 
month at 8.0 at the George Hotel, Kay Gardens. Sec: 
L. Robinson, 56, Avondale Avenue, Bury, Lancs. 

Derby.—The Derby and District Amateur Radio Society's 
programme for May includes an open evening, sale of 
surplus gear, a visit to a place of interest, and the showing 
of the Mullard film strip “ Indicating Instruments.” Meet- 


ings are held each Wednesday at 7.30 at 119, Green Lane. 
% F. C. Ward (G2CVV), 5, Uplands Avenue, Littleover, 
erby. 
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Airborne Doppler Navigation 


Radio Application of Well-known Sound Effect 


By G. E. BECK*, B.Sc.(Hons.), A.M.I.E.E. 


ics classical method of navigation is by steering 
a compass course, and using the ship’s measured 
rate of progress along that course to fix its position. 
Allowance for the effects of sea currents and wind is 
based on their estimated values, and is corrected by 
occasional observations of the sun or stars. This is 
the “‘ dead reckoning ” which is always adequate for 
long voyages by sea. 

When navigating in aircraft there is little time, and 
often no opportunity, to make the astronomical 
checks. But the wind velocity is so large a factor that 
dead-reckoning methods must take it into account. 
The compass heading differs from the track actually 
followed by the aircraft, and the speed over the 
ground is not equal to the speed through the air. 
Fig. 1 shows the triangle of velocities concerned. 

The drift angle may amount to 30° for a moderately 
slow aircraft flying in a high wind, and so it is 
necessary to solve the triangle if navigation is to be 
accurate. The compass heading and the speed 
through the air are not enough by themselves. 

This has led to navigation systems being devised 

which are based on radio transmissions from the 
ground, enabling the aircraft to fix its position. at 
frequent intervals. For example; the radio compass 
giving bearings from m.f. transmitters, or by the 
hyperbolic systems such as Gee which lay down a 
signal pattern, and reference to appropriate charts 
gives the geographical position. 
Self-contained Aids.—Difficulties of securing in- 
ternational agreement on the use of any one system, 
and the large capital cost of ground installations, 
make the idea of a self-contained navigational system 
on the classical model very attractive. For military 
use a ground-based system which would be prone 
to jamming, or unavailable over hostile territory, 
is not in any case a satisfactory solution. 

One way out of this difficulty is to make use of 
the principle known as the Doppler effect. This is 
familiar, as stated by the Austrian physicist whose 


* Marconi’s Wireless Telegraph Company, Ltd. 


Fig. 1. Triangle of velocities for determining true course 
of aircraft. 


WIRELESS WorLpD, May 1957 


name it bears, as the apparent change in pitch of a 
vibration, when it~ source is moving towards or 
away from the observer. The railway engine’s 
whistle drops its note as the train passes the station 
and its advancing velocity is changed to a receding 
one. 

In Doppler navigation a radio transmission re- 
places the sound. It is directed downwards from a 
radar set on the aircraft and the returned echo has its 
frequency measured. This frequency will be changed 


Fig. 2. The ground reflected signal has frequency differ- 


ence proportional to the component of the aircraft speed 
in the direction of the radar beam. 


from that of the outgoing signal by the Doppler 
effect, the difference being proportional to the com- 
ponent of the aircraft speed, in the direction of the 
radar beam'. (Fig. 2.) 

The speed is that over the ground, which is one 
missing factor in the solution of the dead-reckoning 
calculation. The other factor, the drift angle, can be 
measured by a second beam directed laterally. 
This will give the sideways component of the air- 
craft’s ground speed. Alternatively, the beam can be 
rotated until it lies in a direction for which the 
Doppler effect is a maximum. It must then lie along 
the track being followed by the aircraft, and the drift 
angle is directly measured by the azimuth angle 
between the beam and the aircraft fore-and-aft line. 
Compass heading, drift angle and ground speed are 
together sufficient for the navigation problem to be 
solved. It is in fact not necessary to determine the 
air speed or wind velocity. 

The Doppler Equation’®.—A picture of the mechan- 
ism by which the Doppler effect is produced can be 
made by referring to Fig. 3, where c is the velocity 
of propagation. The radar set moving with velocity 
v towards a target will transmit, in a time t, a wave 
which occupies a radial distance c.t. 

This portion of the wave, which is approaching 
the target with velocity c + v, will be reflected in a 
time:— 


ec+v 


* British Patent No. 638167. 
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During this time the radar set will have moved a 
distance:— 
Uv. Cc. 
c+v 
and so the last part of the echo will have this distance 
less to travel, and will take a time:— 
jh ee 


that is, the echo will be received in a time:— 
c.t v.t e-—-¢ 2 
eto e+? e+? 

In this time the number of cycles received will 
be the same as that transmitted in time t. There- 
fore the frequency observed will be (c+w)/(c—v) 
times the transmitted frequency. 

For a transmitted frequency f, the frequency 
change is:— 


since v<c, 

As shown in Fig. 2, the aircraft ground speed is 
v’, where v’ cos 6=v and so the measured Doppler 
frequency is:— 


fo=2£- 0’ cos @ 


This is the basic Doppler equation, from which 
the ground speed is derived by measurement of 


fp. 

Practical Figures.—Some elementary calculations 
can be made to show the technical problems involved. 
For shallow angles of incidence (6) only a small 
part of the incident energy will be scattered back 
in the direction required for reception, while with 
a steep angle cos @ will be small, and the value of 
fp will be too small for precise measurement. 

If cos 6=} is a suitable compromise, we have, 
for an aircraft speed of 600 m.p.h. or 4 miles per 
second:— 

0 f 
>” 6X 186,000 
or about 1 part in 10° of the transmitted frequency. 

As a direct frequency measurement this would 
be difficult but by heterodyning the returned echo 
with the transmitter frequency, fp can be extracted 
as a beat note. Taking f=5.2 x 10° c/s (5.7 cm wave- 
length) fp~w5 ke/s, which is an audio frequency 
capable of precise measurement. 

This waveband is a very suitable one in view of 
its propagation characteristics, the established air- 

e ra working in it, and the possibility of 
a narrow beam without excessive aerial size’. 

A narrow beam is clearly necessary to give a finite 
value to @ in the Doppler equation. Even with 
microwaves the width is not likely to be reduced 


A. T. Starr, p. 51 (Pitman). 


* See “Radio and Radar Tosaiyes,” 
* Electronics, September 1955, p 
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below 3° or 4°, so that the Doppler frequeny wl 
not be a single tone, but a spectrum having a width, 


for a 4° beam centred on @=60°, of:— 
cos 58°—cos 62° 
cos 60° =12% 


The Doppler frequency corresponding to the 
ground speed will be the centre of this spectrum, 
and one major technical problem is the measurement 
of this centre with sufficient accuracy. 

Power Requirements.—Assuming a flat earth 
illuminated at vertical incidence by a transmitter 
receiver at height h:— 

Pp G*? 


P, 16 X «2h 


where 
P, = power received. 
P; = power transmitted. 
4 = aerial gain 
= wavelength. 
Withan sevialpsnof 120, A=5.7cm, h=50,000ft:-— 
Pp 120? x 5.7? 


Py 16x 2x10" x 30-4 
=3.2 x 10-1°= —95 dB. 


Due to scattering and oblique incidence on the 
ground, the received signal will be less than this, 
and experimental results show‘ that the additional 
loss is of the order of 50 dB. 

The total system attenuation is therefore 145 dB 

at this altitude, and the transmitter power must 
be sufficient to give a detectable signal in these 
conditions. 
Receiver Sensitivity.—The receiver noise power 
is 0.4x10-"* watts per Mc/s bandwidth. This 
power is produced in the receiver input circuits 
at room temperature. This must be increased 
by the noise figure to find the signal required for 
unity signal/noise ratio at the second detector. 
Although the post detection signal/noise ratio can 
be greatly increased in view of the narrow band 
of audio frequencies which carries the Doppler 
information, intermodulation noise products prevent 
a much smaller signal being used. 

For a 5.7-cm superhet receiver we assume a noise 

figure of 13 dB, a bandwidth of 1 Mc/s and the 
resulting signal power (Px) required is 8x10“ 
watts. The transmitter power is therefore 145 dB 
above 8 x 10°'* watts, or 25 watts. 
Pulse Transmission.—The power suggested is 
not outside the range of modern microwave cw. 
valves, but pulse methods are worth examining, 
in view of the established techniques using magnetrons 
for airborne use, 

We must have a pulse repetition frequency high 
enough to avoid false Doppler signals from the 
p.r.f. or its harmonics. Also the time taken by the 
pulse to reach the ground and return prevents the 
echo, and the transmission, from being available 
simultaneously for the necessary heterodyning to 
extract the Doppler beat note. This last point is 
covered if we transmit pulses simultaneously im 
both forward and backward directions, and obtain 
the Doppler beat by mixing the two echoes*. 

In the forward direction the frequency will be 
increased, and in the backward it will be decreased, 
by the amount given in the Doppler equation. 


= “Radar Echoes at Centimetre Wavelengths,” Davies and Mac 
Farlane, Proc. Phys. Soc., 1946, Vol. 58, p. 717. 
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The beat frequency will thus be twice that in a 
* single-ended ”’ system. 

Assuming a top speed of 600 m.p.h. the Doppler 
frequencies will go up to 10 kc/s and the p.r.f. must 
then exceed 20 kc/s if neither the p.r.f. nor p.r.f. 
minus true Doppler signal is to give a false signal. 
This repetition rate is many times higher than in 
normal magnetron applications, and to avoid over- 
running the magnetron it has to be considerably 
de-rated, or run on an intermittent cycle. Twenty- 
five watts mean power at 20 kc/s p.r.f. with }-ysec 
pulses implies a peak power of 0.6kW. This is a 
modest size for airborne pulse magnetrons. 
Presentation.—The measured Doppler frequencies 
can be shown directly to the navigator on a dial cali- 
brated in ground-speed knots, and the drift angle 
similarly presented if a moving aerial system is 
used to set the beams along the aircraft’s track line 
as described. Alternatively, if these quantities, 
together with compass heading, are fed into a simpie 
computer, it will calculate the present position of 
the aircraft continuously. The results can then 
be shown as latitude and longitude, if the appropriate 
values are set in at the beginning of a flight. 

For civil use more complex calculations are 
possible, relieving the navigator of much routine 
work. On a given flight plan the route and destina- 


tion can be set in before take-off, and the calcula- 
tions performed to show continuously distance to 
destination, departure from track, and estimated 
time of arrival. 

Size and Weight.—An airborne equipment of 
the form described can be expected to weigh some- 
thing of the order of 200 Ib and consume 1 to 2 kW 
total power. The aerial system requires a radome, 
but since the beams are directed wholly downwards 
the scanner can be mounted within the airframe, 
with the radome flush with the skin. For the beam 
width discussed the aperture should not exceed 
3ft in any dimension. 

Accuracy.—To be of significant value, the com- 
puted accuracy of positions found by this dead- 
reckoning technique should be within one or two 
per cent of the distance travelled. With 1% error, 
after,a 2,000-mile flight the aircraft will know its 
position within 20 miles. At that stage the local 
air traffic control will have taken over and the long- 
range navigational aid is no longer required. A 
corresponding accuracy of e.t.a. is a major improve- 
ment on existing standards, and would greatly help 
the control of air traffic on the civil airways. But 
pethaps enough has been said of its possibilities 
to show that airborne Doppler equipment may be a 
major factor in long-range navigation, 


AIRBORNE WEATHER RADAR 


Storm Warning Indicator and Navigational Aid 


WEATHER radar is an appropriate description for the 
Bendix Type RDR1 aircraft installation as its primary 
function is to give information regarding the nature of 
cloud banks along the flight path and advanced warning 
of hazardous areas where severe air turbulence is lik 

to be encountered. A secondary, but no less 
function is the facility for mapping the ground along 
the flight path, This equipment was shown at Farn- 
borough last year by Elliott Brothers but at the time 
it was not possible to give any details. : 

It operates in the X Band (3.2cm) but, if required, 
it can be supplied for the C Band (5.5cm). At these 
very short wavelengths a sheet of water shows black on 
the plan position indicator (p.p.i.), while land shows 
white and the terrain mapping facility provided by the 
3.2-cm equipment thus enables rivers, lakes and coast 
lines, and after some experience mountains and high 
ground, to be recognized and identified. 

For mapping clouds a pencil beam is employed, but 
for terrain mapping the beam is converted into a 
“cosecant-squared ” or fan-shaped one. This is effected 
by changing from horizontal to vertical polarization. 
Alone this would not affect the beam pattern, as a para- 
bolic-dish scanner is employed. To the upper part of 
the dish, however, is fitted a grid composed of a series 
of vertical bars and with vertical polarization they behave 
as beam-diffusing reflectors, —_s a fan-shaped 
beam in the vertical plane. ey are unresponsive to 
horizontal polarization and the beam shape is then 
determined by the characteristics of the dish alone. 

Switching from horizontal to vertical polarization is 
effected by utilizing the Faraday rotation properties of 
certain ferrites on the application of a magnetic field. 
In this case the magnetic field is produced by gots a 
current through a coil wound over a section of the wave- 
guide feeding the aerial “head.” Thus no mechanical 
switching is involved, 
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The RDRI1 Las the “Iso-echo” display feature with 
which the contour within the cloud where the greatest 
rainfall gradient prevails is outlined and the area en- 
closed is displayed on the p.p.i. as a black core. These 
cores represent the danger regions of the cloud bank to 
be avoided. This differentiation is achieved by arrang- 
ing for reflected signals exceeding a certain intensity to 
show as black patches in the midst of the white patches 
representing normal cloud echo signals. 

Other information the aircrew can extract from a 
weather-radar display is the presence of hail. To do 
so correctly requires much experience in interpreting 
the p.p.i. display, as the presence of hail is deducible 
only from the edge formation of the clouds and not by 
identifiable variation in 
the intensity of the re- 
turned b 

A condensed specifica- 
tion of the X-Band equip- 
ment is: 360° scanner 
rotation at 15 r.p.m. with 
240° p.p.i. display; +15° 
maximum vertical beam 
tilt; 0-20, 0-50 or 0-150 
nautical miles display; 
40 kW peak pulse power; 
L.Szsec pulse width; 
22in-diameter scanner. 


The scanner of the Elliott- 
Bendix airborne weather 
radar. The grid for producing 
the “ cosecant-squared * 
beam for ground mapping 
is shown, 


Limiting Factors in Gramophone 


1—PLASTIC DEFORMATION AND WEAR OF GROOVE WALLS 


= stylus tip in a gramophone pickup is usually 
spherical and much more rigid than the record, so 
that the problems of determining the deformation 
of the record groove wall have much in common 
with those associated with hardness tests such as 
the Brinell, in which a ball is pressed into the sur- 
face to be tested. Under light loads any material 
will deform elastically, giving a small area of con- 
tact. On releasing the load the material springs 
back to its original position undamaged. With 
increasing load, the yield stress of the material 
will be reached and permanent plastic deformation 
will begin; on releasing the load the material will 
not return exactly to its original position, i.e. the 
record is damaged. 

The equations for the elastic range are well 
known and were deduced by Hertz; they have been 
expressed in convenient form by Hunt’. 


_ 0.45 B,! Ws 
Pm - Ri 
_ 11 p_®R* 
or W = E? 


Where p,, is mean bearing pressure between con- 
tacting surfaces in kgm/mm? 
E, == E((1- oa”) 
= Young’s modulus of record material 
(kgm/mm*) 
« = Poisson’s ratio of record material 
W = Load on stylus in grams 
R = Stylus radius in mils (0.001in). 
Because of the complex stress system, yielding 
occurs at a value of p,, = 1.1 times the simple 
tensile or compressive yield stress of the material. 
Hunt! quotes 11 milligrams as the limiting load 
for no plastic deformation for a stylus of 1-mil 
radius on vinyl. Although the stylus is supported 
by both groove walls at low signal levels, at extreme 
amplitude or acceleration one wall will be taking 
most of the load. As this is applied at about 45° 
to the surface, the playing weight must be increased 
by +/2 before yielding can commence, i.e. to about 
16 milligrams. In a modulated groove the stylus 
is in contact not with a flat surface but with con- 
cave and convex groove walls. This would reduce 
the load required for yielding by a factor of 0.77 
the driving wall were convex and the trace radius 
approached the stylus radius. However, at high 
frequencies where the trace radius may be small 
the inertia of the pickup will be a controlling factor 
rather than the stiffness, so that the load will be 
taken entirely by the concave outer wall (Fig. 1). 
As the load on the indenter (stylus) is increased 
beyond the elastic range, yielding occurs not at 
the surface but below, at a distance of about half 
the radius of the circle of contact. With further 
increase in load, deformation will gradually spread 
throughout the area under the indenter. Eventually, 


tHunt, F. V. ¥. Audio Eng. Soc., Vol. 3, No. 1, Jan. 1 
"Davies, R. M. Proc. Roy. Soc., Vol. 197, nose. aa June 1949 
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plastic deformation of the surface will commence 
at the surface. With further increase in load, plastic 
deformation occurs over the whole of the area of 
contact (the condition has been termed “ full 
plasticity’”) when the contact pressure is about 
three times the yield stress of the material. Further 
increase in load does not appreciably affect the 
contact pressure. This is the condition in normal 
identation hardness testing, where the load must 
exceed the minimum value for full plasticity for 
teliable hardness readings to be obtained. 

From Hunt’s results, the minimum load for full 
plasticity is 6-10 grams with a 1l-mil stylus ona 
vinyl surface (Hunt’s Fig. 2). Many commercial 
pickups therefore operate in the fully plastic range, 
and must cause considerable damage to the groove 
(Fig. 2). If each groove wall were deformed equally 
at all parts of the waveform, this would give no 
distortion and would not be serious. However, 
as the load is not taken equally by each wall, the 
deformation will be unequal, giving distortion of 
the waveform, with a decrease of low-frequency 
signals (where stiffmess is operative) and an im- 
crease of high frequencies (where inertia is operative). 
Similar effects occur due to the elastic deformation 
of the groove walls, but in most if not all commer- 
cial pickups the elastic effects will be small com- 
pared with the plastic. A possible method of obtaining 
equal deformation of both groove walls would be to 
play the virgin record first at twice the normal 
tracking weight at a very low speed, so that the 
pickup arm could follow the whole of the wave 
form with negligible lateral loads, but this would 
hardly be practicable. 

The ideal pickup would work entirely within 
the elastic range (16 mgm). Although it may not 
be possible to construct such a pickup it might still 
be possible to limit plastic deformation to the in- 
terior of the material, so that the surface of the 
grooves is undamaged?. ‘ The limiting tracking 
weight would be that at which plastic <_Sormalal 
just commenced at the surface. Unfortunately, this 
point cannot as yet be calculated. Under any stress 


*Barlow, D. A. $. Audio Eng. Soc., Vol. 4, No. 3. July 1956. 


Fig. 1. Stylus supported by convex and concave groove 
walls. : 
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system, all materials yield according to some func- 
tion of the shear stress, The shear stress contours 
in a material under an indenter at the moment of 
sub-surface yielding are shown in Fig. 3; they 
will vary somewhat with the Young’s modulus and 
Poisson’s ratio of the material. ~The shear stress 
at the surface is 0.33 of the shear yield stress, and 
is proportional to the cube of the load while the 
whole of the material is elastic. To obtain sur- 
face yielding therefore, the load will have to be 
raised by some unknown factor, probably greater 
than (1/0.33)*, giving 0.3 gram for a flat surface, 
or 0.43 gram for a record groove. 

As the record moves under the stylus, the system 
is not the same as the static indentation case so 
far considered. Poritsky* has shown, for cylinders 
in contact, that the effect of an additional tangential 
force, as represented by friction, is to shift the point 
of onset of yielding nearer to the surface. The in- 
fluence of stylus-groove friction would doubtless 
be similar and would affect yield loads, but if friction 
is low, as is probably the case, the effect will be 
small. 

Scratch Tests.—Hunt’s scratch tests were con- 
ducted by dragging 1-mil and 3-mil radius styli over 
flat vinyl surfaces. No trace was detected below 
about 6.7 grams for the 3-mil stylus; the corres- 
ponding load for the 1-mil stylus should be 0.75 
gram, but no tracks were detected below 1.5 grams, 
probably because of the difficulty of detecting such 
very fine traces. The limiting loads for plastic 
deformation just to appear at the surface with a 
l-mil stylus will thus be between 0.3 and 0.75 gm 
for a flat surface, or 0.4 and 1 gm for a pickup, say, 
half a gram. 

Shellac Records.—From hardness tests, the yield 
strength of shellac is about twice that of vinyl. 
From cantilever loading tests, the modulus of 
elasticity of shellac is tient three times that of 
vinyl. The increased yield stress is therefore more 
than offset by the increased modulus, giving a smaller 
atea of contact (and hence hi stresses) for a 
given load. The limiting load for no plastic deforma- 
tion of shellac will thus be slightly less than for 
vinyl (for the same size stylus). For a 2.5-mil 
stylus the load will be about 90 milligrams, and the 
corresponding load for plastic deformation to just 


‘Poritsky, H. $. Appl. Mech., Voi. 17, No. 2. June 1950 


Fig. 2. Stylus-groove contact in the- fully plastic range 
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|<——— DIA. OF CIRCLE OF CONTACT ————»> 


3. Shear stress distribution in material under 
kericel indenter (after Davies*). 


appear at the surface will be 1.75 grams. Loading 
tests on shellac with a 2.5-mil sapphire stylus showed 
tracks at less than 3 grams, corresponding to a 
pickup weight of about 4 grams. We may thus 
take the limiting load as about 24 grams. 

It will be noted that at low loads, for a given stylus, 
shellac will actually be more than the 
vinyl, but around 15 grams for a 2}-mil stylus the 
track width or damage will be similar for each 
material, and above this load the damage to shellac 
will be less—the track width will be about 0.7 of 
that on vinyl in the fully plastic range. Shellac is 
therefore the better material for the old type of 
heavy pickup, but vinyl will be superior for fat. 
weight pickups. This would explain conflicting 
reports on the relative damage of vinyl and shellac 
discs. There is no technical reason why, in these days 
of lightweight pickups, 78 r.p.m. records should 
not be made in vinyl. 

Deterioration on Repeated Playback.—When any 
material is deformed the area of contact increases, 
and, beyond the elastic limit, the material work 
hardens until it is able to support the load, unless 
the load is so high as to cause fracture. Once a 
record has been played at a given weight, provided 
that this is not too great, there will be no further 
plastic deformation on continued playback (at the 
same weight); the record will sound the same as 
at the first playing, although it may be heavily 
deformed, and there is no knowing what the virgin 
record would sound like. The claim that a certain 
record sounds the same after 1,000 playings as it 
did with the first playback does not mean that it is 


undamaged. 

It used to be the practice of record companies to 
monitor the original wax or lacquer disc before 
plating to make the master. If the original has been 
damaged in this way, the final record will not sound 
any different for being played with a very light- 
weight pickup. It would be interesting to know if 
the record companies still monitor the ori 
disc before plating now that the original recording. 
is usually done on tape. If we are to take advantage 
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of very light-weight pickups which will not give 
plastic deformation of the surface not only must we 
purchase virgin records but it is essential that any 
monitoring at any stage during manufacture be 
done with equally light pickups (or with styli that 
are weaker than the groove walls). 

Nevertheless, with heavy. pickups progressive 
deterioration does take place on continued playback. 
This is due to creep and fatigue. At high stresses 
the material continues to deform slowly, so that on 
repeated replay the groove continues to be deformed 
slightly each time. Fatigue is the fracture of a 
material by varying or repeated loads at stresses 
lower than the static strength. As the highest 
stresses are sub-surface, failure will take place by 
sub-surface cracking, giving flaking and pitting of 
the groove walls. This gives the increase in noise 
characteristic of heavily played records. It is interest- 
ing to note that Max® obtains this type of failure 
on repeated playback of polystyrene and occasionally 
vinyl records at 10 grams load with a 1-mil stylus. 
If there is a rest period between replays the material 
partly recovers, and does not fail. 

Wear.—Up till now we have been discussing damage 
or plastic deformation of perfect surfaces, although 
it is often referred to as wear. Wear may be defined 
as the attrition of contacting surfaces due to relative 
sliding. The nature of friction is as follows. Under 
light loads no two surfaces contact at more than a 
few high spots or asperities, however accurately 
thay may be finished. Local pressures at these 
asperities are therefore high, and ploughing, welding 
and shearing occur on relative motion. This is the 
normal mode of wear of styli. If there is no bulk 
surface plastic deformation of a record, the stylus is 
supported by the asperities, which may be stronger 
than the bulk material’* and will give a lower 
rate of frictional wear of record and stylus than a 
heavier pickup working in the fully plastic range, 
where the whole of the mating surfaces are in intimate 
contact. Diamond is known to give lower coefficients 
of friction with most materials than sapphire or 
cemented carbide; it might therefore be expected 
to give less frictional record wear. 

Noise.—The noise level will. depend on the tracking 
weight of the pickup as well as on other factors 
such as sensitivity for degrees of freedom other than 
lateral. Also Hunt! has pointed out that there are 
the following components in the noise from a 
gramophone record. 

(1) Surface roughness. ‘The grooves of modern 
records are very highly finished, the roughness as 
low as 50 A.U. (10-7? mm). This is as low as is 
obtainable on the most highly finished surfaces. 
In the case of shellac, the filler is of course responsible 
for considerable roughness, and hence noise. This 
can be reduced somewhat by the use of superfine 


fillers. 

(2) Welding and shearing of asperities. 

(3) The associated plastic deformation. This may 
also give rise to noise as plastic deformation is not a 
continuous process, but on a microscale, it occurs by 
discontinuous slip. 

To reduce wear and noise, therefore, improve- 
ments can be made only to items (2) and (3), given 
a homogeneous record material. In addition to 
using a diamond stylus, the obvious method weuld 
be to use polytetrafluorethylene (p.t.f.e.) for the 


*Max, A. M. 3. Audio Eng. Soc., Vol. 3, No. 2. April 1955 
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record’ or the stylus, although its yield stress 


modulus may be too low. This gives low friction 


with all materials, but if the pickup works in the 
fully plastic range a coefficient of friction of only 
0.04 represents welding of stylus to groove over 
25% of the contact area*. This will obviously 
give relatively high wear and noise level, so that the 
situation with more readily weldable materials, 
such as vinyl, can well be imagined. Polyethylene 
usually has a lower coefficient of friction than other 
plastics (apart from p.t.f.e.) but its yield strength 
and modulus may be too low; however, Smith® has 
used polyethylene and reports that it gives a lower 
noise level than vinyl. Polyethylene is said to be 
too expensive for records; polytetrafluorethylene 
would be very much more so. It would be interesting 
to know what proportion of the cost of a record is 
represented by the plastic and its processing—it has 
been said that the cost of producing a record pre-war 
was about 33d. If so, a more expensive plastic 


giving lower noise level could obviously be used — 


without appreciably increasing the cost of a record, 

Other possible means of reducing friction would 
be the use of graphite for styli, or porous metai oF 
ceramic impregnated with graphite, oil or p.t.fe. 

Another method of reducing wear and noise due 
to items (2) and (3) would be by lubrication of the 
record'*, For this purpose, a solution of calcium 
petroleum sulphonate in a light petroleum fraction 
has been suggested. This would be wiped on to the 
record immediately before each playing, the solvent 
evaporating and leaving an adsorbed film, only @ 
few molecules thick, on the groove walls. This 
would probably give adequate boundary lubrication, 
and would not obscure the high frequencies. Flake 
graphite, as bas been used in the past, would not 
be adsorbed on to the groove walls, and would have 
no effect other than to increase noise by reason of 
particles trapped under the stylus. 


*Smith, O. J. M. Audio Eng., Vol. 32, No. 9. Sept. 1948. 
(To be continued.) 


RADIO LUXEMBOURG recently brought into service two 
new 100-kW transmitters at Marnach, about 40 miles 
north of the city. The original 100-kW transmitter is being — 
transferred.to the new site from which the three trans 
mitters will then operate in parallel on 208 m. 
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Plug-in Counter Units, designed on 
the “building block” principle so 
that a variety of different equip- 
ments can be assembled, have been 
introduced by Ericsson Telephones. 
Several ranges of units are available, 
covering counting speeds from 5c/s 
to 200kc/s. Below 5c/s the count- 
ing is done on electro-mechanical 
registers. Speeds up to 350c/s are 
obtained on Dekatron units with 
cold-cathode tube coupling stages. 
For speeds up to 20kc/s the Deka- 
tron units have thermionic-valve 
driving stages, while binary units 
are used for counting speeds up to 


200kc/s. 
output and control units, and a 
1-kc/s valve-maintained tuning fork 
oscillator designed for timing and 
tachometry applications. 


Also available are input, 


RF. Absorption Matting of unusual 
composition has been developed by 
W. i Emerson, A, G, Sands and 
M. V. McDowell, for use in anechoic 
chambers to facilitate indoor aerial 
measurements at lower frequencies. 
It takes the form of a loosely spun 
mat of animal hair impregnated with 
rubber containing carbon black. 
Reflection is minimized over a wide 
frequency range by graduating the 
amount of loaded rubber applied 
according to the depth of the mat. 
A 4-inch-thick mat absorbs as low as 
1,000Mc/s and an 8-inch version well 


below 500Mc/s. Further details in 
DS.LR. unpublished report 
PB114686. 


Multiplex Indication System using a 
single pair of wires has been 
developed by G.E.C. for checking 
the operating state of equipment 
temote from the control point. It 
up to twelve transmitter 
units, consisting of a.f. oscillators 
tuned to different frequencies, situ- 
ated at various points along the 
wires, and a cabinet containing the 
corresponding receiver units. Each 
feceiver comprises a band-pass filter, 
amplifier, detector and relay. Thus. 
when a particular a.f. tone comes on 
the line, switched by the associated 
piece of equipment, the correspond- 
mg receiver relay operates and 
shows which transmitter is working. 
A feature of the system is the use 
of transistors, and the battery power 
supply will run for six months on 
continuous load before replacement 
es necessary. Indicating sig- 
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nals can be sent along wires of up 
to five miles in length. 


Titanium Oxide Rectifiers are being 
developed by A. E. Middleton, O. J. 
Mengali, L. R. Jackson and R. C. 
Sirrine to give degrees of rectification 
similar to selenium and germanium 
but permitting wider temperature 
variations. Films oxide are 
formed on titanium conducting bases 
and have n-type characteristics. 
Point-contact rectification is obtained 
with tungsten, and junction rectifica- 
tion with copper and other metals. 
A junction rectifier using copper 
worked satisfactorily up to 280°C. 
Full accounts of the work are given 
in D.S.LR. unpublished reports 
PB115426 and PB115427. 


Trans-Atlantic Cable Monitoring, 
along the British section with bi- 
directional repeaters, is done by a 
swept frequency system using a 
different “marker.” crystal filter in 
each repeater. The test signal, which 
sweeps through the entire carrier 
band in four seconds, is sent along 
the cable in one direction. Responses 
from the various filters (each on a 
different frequency) are frequency 
doubled and fed into the return 
channel. The timebase of the c.r.t. 
monitoring unit is synchronized with 
the frequency sweep so that the 
returned responses are displayed at 
various points along the horizontal 
trace—the performance of each 
repeater being indicated by the 
vertical deflection signal. A feature 
of the display equipment, made by 
Kolster-Brandes (see illustration), is 
a “windowing” facility which 


enables the operator to compare in 
magnified form the performance of 
each repeater with a reference signal. 


The push-pull Y deflection output 
Stage is arranged so that when the 
incoming signal falls outside certain 
limits (the “window”), the two 
valves cease to act as a normal 
amplifier and one of them becomes 
cut-off. These limits are set manually 
by the Y gain and shift controls. 


Television E.H.T. Regulator, devised 
by John D. Burke, is intended partly 
for lengthening the life of e.h.t. 
rectifiers in line flyback systems and 
partly for increasing the possible 
current output and range of c.r.t. 
brilliance. According to Mr. Burke, 


EW. 
RECTIFIER 
about one-fourth of service calls 
involve (or are exclusively for) the 
replacement of e.h.t. rectifiers. He 
maintains that breakdowns resulting 
from open- or short-circuited heaters 


or loss cathode emission are 
caused by the rectifier heater grow- 
ing cooler just when the picture 
brightness makes heavy demands 
for c.r.t. beam current. This appears 
to be inherent in the line flyback 
e.h.t. system. To combat the effect, 
the new regulator device has a coil 
in the rectifier’s heater circuit, the 
reactance of which is varied by the 
crt. beam current so that an 
increase of beam current causes an 
increase of heater current and vice 
versa. In one version a saturable 
reactor is utilized, with the beam 
current passing through the control 
winding. Another version, illus- 
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trated in the sketch, uses a movable 
armature which is pulled into a 
driving coil by increasing c.r.t. beam 
current (against the action of a 
spring or gravity). This armature 
is mechanically coupled to a movable 
core in the variable-reactance coil in 
such a way that increasing beam 
current reduces the reactance. The 
driving coil can be connected into 
the beam current circuit at any of 
the points A, B or C marked with 
a cross. 


Fluorescent Noise Source, using a 6- 
watt fluorescent lamp coupled to a 
coaxial line, has been devised by M. 
Hill for monitoring purposes in radar 
equipments operating in the 400- 
Mc/s band. It is actually usable 
over a wide range of frequencies. 

are given in D.S.I.R. unpub- 
lished report PB118451. 


Super Elliptical S er, Peg 4 
haieduced in the U.S.A. by Rola, 
measures 14 inches in one yom 
and only 3 inches in the other. The 
ellipticity is accentuated in this 
fashion so that the speaker can be 
mounted at the front of a television 
receiver alongside the picture tube. 
The performance is claimed to be 
equivalent to that of an 8-inch 
circular model. 


Miniature Aerial Horn, used by 
American broadcasting organizations 
in television “roving eye” micro- 
wave transmitters, makes the trans- 
mitter operator look very much like 
his colleague the cameraman. The 
broad beam of the horn aerial, com- 
pared with the parabolic “dish” 
normally used for this work, permits 
less critical sighting between the 
mobile transmitter and the fixed 


receiver. This is a distinct advan- 
tage in maintaining a good signal 
when the television unit is on the 
move and has to follow a circuitous 
route. The 8-inch-long horn (made 
by Narda) has a beam width of 
20° vertically and horizontally. It 
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covers a frequency range of 5,850- 
8,200Mc/s and has a gain of 16.5dB. 


Transistorized Crystal Oscillator 
made by Venner Electronics pro- 
vides two outputs, one sine-wave 
and the -other uare-wave, at a 
frequency of 10kc/s. The circuit is 
potted in synthetic resin with the 


exception of the crystal, which is 
replaceable. Actually, two types of 
crystal can be used in the device, 
one having a zero temperature co- 
efficient between 15°C and 20°C so 
that maximum accuracy is obtained 
at room temperature, and the other 
a zero temperature coefficient be- 
tween 40°C and 50°C for applica- 
tions where the ambient temperature 
is of this order. The stability of the 
oscillator, at about the point where 
the zero temperature coefficient 
occurs, is of the order of 3 parts in 
10°. The supply voltage is nomin- 
ally 10 but the unit will function 
satisfactorily with supplies from 4V 
to 12V. Incidentally, the oscillator 
can be used in conjunction with the 
transistorized plug-in decade counter 
described in our January issue. 


Superconductive C ter Elements, 
developed by D. A. Buck and called 

*cryotrons,” are the basis of a digital 
computing machine now being built 
by the A. D. Little company in Cam- 
bridge, Mass., U.S.A. The main 
advantages of the cryotron—virtually 
a l-inch wire “core” carrying a 
small coil—are its extremely small 
size, simple construction and low 
power dissipation. In superconduc- 
tivity, the resistance of a metal sud- 
denly drops to zero when its 
temperature is reduced below a cer- 
tain critical value (by immersion in 
liquid helium). The presence of a 
magnetic field makes this critical 
temperature even lower, and the 
graph shows how a field affects the 
onset of superconductivity for a 
“core” made of lead. Thus, a wire 
held at a constant low temperature 
can be switched between super- 
conductivity and normal resistivity 
(up and down the dotted line) by 
means of an energizing coil—thereby 
providing a two-state device suitable 
for binary arithmetic. A flip-flop 
using two cryotrons is shown in the 
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lower diagram. If a current is 
established in one wire “core” it 
passes through the coil of the other 
and drives the second “core” into 
normal resistivity—the current con- 
tinuing indefinitely because the 
energizing coils themselves are held 
permanently superconductive. 
Another pair of cryotrons is used to 
put the flip-flop into the desired 
state. Other circuits were pub- 
lished in the April, 1956, issue of 
Proc.I.R.E., where it was stated that 
a digital computer using cryotrons 
might be built into a 1-ft cube— 
excluding the refrigeration plant, of 
course! 


Printed Matrix Store.—The accom- 
panying picture shows the small size 
of the new RCA storage device based 
on the magnetic-cell principle which 


was described in our February issue 
(p. 80). The unit stores 2,560 binary 


digits in a volume of only 2 2 cubic 
inches. 
Unpublished Reports mentioned 


above come from varjous sources but 
can be obtained from the Ti 
Information and Documents Unit 
the Department of Scientific 
Industrial Research, 15, 

Street, London, S.W1. 
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LETTERS TO THE EDITOR 


The Editor does not necessarily endorse the opinions expressed by his correspondents 


Colour Television Pitfalls 


WHILST agreeing with the spirit of your editorial in 
the March issue, there are two comments with which 
I find myself in disagreement: (1) I do not believe it 
is true to say that the N.T.S.C. system was planned 
basically for use with the three-gun shadow mask tube, 
nor is tied to that tube. The system only assumes simil- 
taneous presentation of the red, blue and green com- 
ponents of coloured picture elements and, of course, can 
be uséd with sev forms of on device (the right 
one not yet ap tly thought of!). (2) The argument 
for compatibility that “a colour service would be 
economically impossible . . . unless it were receivable 
on existing black and white receivers,” is, I think, mis- 
leading. If the public wished to see the transmissions 
in colour they would have to buy new colour television 
receivers. The cost of these receivers would be 
negligibly affected, whether or not they were designed to 
work on a compatible transmission system; i.e., com- 
patibility does not materially affect economy from purely 
the receiver point of view. 

As I see it, economies of compatibility relate almost 
entirely to the transmission side {for which, admittedly, 
we, as receiver owners, would have to pay indirectly). 
Apart from the fact that economy of “channel space” 
is an important consideration (i.e., a compatible system 
uses existing channels), there is also the fact that existing 
rf. outlets—transmitters and aeri be used with 
very little modification. So also can long-distance cable 
and radio links. : 

Studio equipment, colour cameras and the like would 
mean fresh capital expenditure whether the system was 
compatible or not and would not infiuence the argument 
greatly one way or the other. 

Having had a good deal of practical field experience 
of the difficulties with multipath distortion, fading, long- 
distance interference and other effects on present tele- 
vision and V.H.F. sound ion, I have lately been 
given to speculating whether it would not be a good 
idea to confine colour transmission to an almost com- 
rd wired ” system (i.e., co-ax run by the G.P.O.!). 

would avoid the “ether-space” and many other 
problems and leave us free to optimize the 
the same time giving reception free from defects of 
tadiated transmission. ‘Thinly populated areas could 
be catered for by radiation from Band IV low power 


stations. 
CU ing “Cathode Ray’s” and “ Diallist’s” con- 
oat cpinions on the use of “monochrome. 


i 


Clacton-on-Sea. D. W. IGHTMAN. 


Etymological Inexactitude ? 


but argues that television 
grey, which he appears to suppose 
ifferent. If so, I can only refer him 


wareliable work on colour. He would have had a better 
made use of the fact that many sets’ 
tinge, but even so 


case if he had 
whites” have a pronounced bluish 
the spectral spread is pretty wide. 
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Both he and “ Free Grid,” whom I had long rezarded 
as sound on etymology, take my breath away with their 
comments on “ panchrome.” Did the “fellow with little 
Latin and less Greek” also compile every reputable 
English dictionary, from the O.E.D. downwards? 

“Free Grid” says he has “by far the stronger case” 
in asserting that the word “ data” is si . I should 
advise him to get measured for a larger size in hats, since 
Shope Oak md English Diet — rane Pa a ong 
“ Shorter ‘or i ictionary,” Eric Partridge, 
a Ernest pe and H. ee : 

t should more than the misguided practice o' 
some of the ple in one small branch of knowledge 
expressed in ish to enthrone an upstart solecism as 
a new accepted usage. “CATHODE RAY.” 


Transistor Symbols 


IN your March issue, 
James F in con- 
fessed to an unconscious 
plagiarism of a tran- 
sistor symbol that we 
have used, This we 
take as flattery. We 


p-n-p n-p-n 
have recently adopted 
the “open” of 


symbol from the book : 
by Lo, Endres, et al. which was mentioned by “Cathode 
Ray” in your April issue as his ‘erence (see 


accompanying sketch). 
National Physical Laboratory, D. L. A. BARBER. 
Teddington, Middx. W. T. BANE. 


Beat Interference 


IT is well known that since Winter Hill opened 
service on Channel 9, Band III, reception of the Croydon 
L.T.A. station is often marred by co-channel 
in certain areas. My own observations show that when 
this interference is visible there is sometimes a pulsating 
variation of mean brightness level. This may or may 
not be accompanied by the more usual brightening of 
groups of lines, giving an impression of line pairing. 
When the two stations radiate similar programme 
material a ghost or ghosts — oe ¢ , depending 
on the intensity of the Winter Hi signal at this extreme 
range. When programme material is dissimilar—the 
“commercials,” for example—the ghost(s) give place to 
_ oa different pictures, one usually weaker than 
e other. 
The pulsating lightening and darkening of the picture 
Cpecicet See Ss Sas , nat Wee Se eee 
ae yee meee 2 ee ee ee ee 
P. Grant. I am therefore led to believe that his trouble 
could be a form of this co-channel interference. In 
support of this view, I notice that a line connecting this 
Hil passes : 


These two latter stations share Channel 2, Band I, 


material. The trouble, says Mr. Grant, is always — 
when Hessary Tor is transmitting, but then so is 
Moss transmitting at those times. He also says there 
is no recorded signal in the band when Hessary Tor is 
silent, but again, Holme Moss would also be off the 
air at those times. 

As Mr. Grant seems to have secured the active co- 
operation of the B.B.C. in investigating his problem, 
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9 used for recording 
Peak or R.M.S.! well as for virtually 


recording equipiaent makers use peak reading meters for some are accurate u 


EXHIBITORS AT THE I.E.A. 


t AS its title implies, the Instruments, Electronics and Automation Exhibi- 
i tion (Olympia, May 7th to 17th) will include a considerable amount of 
i equipment of interest to Wireless World readers. The show is promoted 

i five associations, among them the Scientific Instrument Manufacturers’ 

: Association and the British Electrical and Allied Manufacturers’ 

t Association. Although officially the radio and electronics industry is not 
represented, there are among the 200 exhibitors a considerable number 
(see below) of manufacturers in the industry, or whose products are used 

i extensively in the manufacture of radio and electronic equipment. 

- A conference will be run in conjunction with the exhibition, for which 
t tickets will be obtainable at the show. Each day will be devoted to a 
specific aspect of the industries covered by the exhibition—automation 
(8th), fw sm (9th), education (10th), medical (13th), industrial (14th), 
computer (15th), communications and navigation (16th). The morning 
session (from 11.0) will be devoted to a general review of the day’s subject, 
whilst more specific techniques and applications will be covered in the 
afternoon session (from 3.0) Some of the papers are listed below. 

4 The exhibition opens daily (except Sunday) at 10.0, and closes at 6.0 

a except on the 10th and 15th, when it is open until 9.0. Admission, 2s 6d. 


Name Stand - . Name Stand No. 
Advance Components .......... 934 Fleming Radio .............6.. 103A 
Aircraft-Marine Products ...... os Foxboro-Yoxall .............. 409 
IN asa e.g e bape ae ¢ 0-0.0.0.0:0 
Associated Automation ........ 510 ge re rare 406 
Automatic Coil Winder (AVO) .. 942A General Radiological .......... 703 
2: *} eee 402 
are ONES ihe See aaa ord Honeywell-Brown ............ 410 
Baldwin Instrument eo 7 Hunt (Capacitors) ............ 922 
eg 222222222 Fin Kelvin & Hughes .............. 310 
British P Ne Laboratories .... 205 [abgear .......... 22. e eee aee 501 
Brown, S ME tard Ghalass kA ne. wd ae 704 Lagentiion Dynamo Electronic we 
Cambridge Instrument ee te 601 Pine ne” ‘daweu Weececceséensis 
RE rare ree 914 
— (Electr — aS pon Livingston Laboratories ........ 600 
Ca n --. 501 Magnetic Devices ............ 706 
Cawkell, A. E. ......-..----+-- 716 Mallory Batteries ............ 944 
Cinema-Television 913 Marconi Instruments .......... 504 
Cooke, Troughton & Simms .... 806 Measuring Instruments (Pullin).. 925 
— pat Metsopelitas-Viehers Baise. = 
m ees eb Land bes 5-4 
Croy 947 Millett Levens ................ 921 
DS.LR. 502 Minerva peg ng Saree, 
age SRT Shay Te Tr el lla Ministry of Supply ............ 
a 4 Morganite Resistors .......... 927 
m — Ay 2) 925 Muithead «.....00...00003e. 1. 
aoe trum 7 ig ER er ere eS 305 
I. as, Ou hed 0d san c'osve os 908 Murphy Radio .............. 703 
OT rs 505 N.S.F. 919 
; Bo 91g NSF. ----- 2+ esse cece eee eee 
Elcontrol. .....-.-.-.sseeeeess Roe eee 216 
Electro Methods .............- ae Nalder Bros. & Thompson ...... 603 
Electroflo Meters Co. .........- 10 Nash & Thompson ............ 105 
Electronic Engineering ........ Fo National Cum Posies - a 
Electronic Instruments ........ Nicholson, W. B. (Scientific Inst.) 515 
——— Engineering .... = el Pan aes 
GO Sa Painton Reais cake ie a wie 
E.M.I. Electronics ............ 404 Philips Electrical .............. 910 
English Electric Valve Co. ...... _. we.) AA Se 604 
Ericsson Telephones .......... GiSd Power Controls... .. ices... 706 
Evans Electroselenium ........ 2 SS OY ae 925 
Evershed & Vignoles .......... 463 Pye, W. G @ Ce .....5... — 
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n could he not prevail upon them to cut the Holme Moss _ ments in the U.S.A. have been made by average-reading 

| carrier for a while during a morning or afternoon test meters, sine-wave-calibrated in equivalent r.m.s. 

é transmission period, so that the effect on his reception This revolution was born of the discovery that amplifier- 

3 could be observed. On the assumption that this has not _type average-reading vacuum-tube voltmeters had better 
been tried, it might give a lead, if not an answer. magn and much more sensitivity than the peak-reading 

Bi St. Leonards-on-Sea. W. E. THOMPSON. , and infinitely more stability than the r.m.s. vacuum. 


S.” has become an obsolete cliché. 


Today, such average-reading meters are universally 


tape and recorder measur as 
all other audio measurements, Since 


IN your March issue Thomas G. Ward wonders whether. most models are good to several hundred kc/s, and 
up to 4 ar 5 Mc/s, they have also seen 


their quoted data. much r.f. use as we. 
: y as the result of pioneer work by Stuart Ballan- Audio Instrument Company, Inc., C, J. LeBEL. 
tine, for over twenty years virtually all audio measure- New York, U.S.A. 


Name 
Racal i ing 
Radiovisor Parent on 
Robinson, F. C. & Partners ... 


CO ere 307 
Servomex Controls ... oo owen 
Short Brothers & Harland ...... 106 
Siemens-Ediswan ............ 07 


Sifam Electrical Instrument Co... 808 
Simmonds Aerocessories ...... 903 
Smiths Industrial Instruments .. 929 
Society of Instrument Technology 101 
OR rie dh cps oc 503 


Southern Instruments ........ 100 
Sperry Gyroscope Co. ......... 203 
Sunvic, Comirols. ........:.iscmn 506 
Mii. si seh lmieatels i 


602 
Telephone Manufacturing ‘Co... M1 
Turner Electrical Instruments .. 937 
20th Century Electronics ...... 946 


Unicam Instruments .......... 501 
Victoria Instruments .......... 925 
Wayne Kerr Laboratories ...... 304 


Wireless World and Electronic & 
Radio Engineer ...........- 


Some Conference Papers 
8th. “‘ Computer —" 


= * by J. N. T th eran. 
tools ” by SS A. poe dH. aw 
Kearns & Co.). 


9th. “The place of analogue ——- 
im reactor control” Le! 
(Atomic Energy Authority 

10th. “ The eras aN oad and 


reward ” ¥ G. L. D’Ombrin 
(Battersea ‘olyt ). 

pet for research” by Dr. J. 
Thompson Instrument 


( 
Research Association). 
13th. “Electronic instruments for clinical 
saete ae radioactive isotopes | 
N. wo ee 's Hospital) pee E. 
Pulsfend Atomic Energy A' 
14th. “ Instrumentation in_the textile 
dustries”’ by J. E. Fielden - 
Research) 
15th. em electronic office” by Sit 
ter Puckey. 
“ Production ons 1 procetaess 
a computer ., W. Grant 
(Britsh Tabulating Machine Co.). 
“Blectronics in banking” by L 
Temple (Lloyds Bank). 
16th. “Communications and the future” 
pecs X developments in, marine 
“Recent deve! 
LP. Mil Lae 


radar” by A. (Royal 
Naval Scientific 
“ Air navigation ” S . G. Thome 
(Radar Research 
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FM. Receivers 


By G. G. JOHNSTONE, B.Sc.* 


To extend the treatment to a practical ratio 
detector we shall next consider the case when the 
parallel resistance of the tuned secondary circuit R, 
is not infinite. 

As before, the fundamental-frequency currents 
(L,.) flowing through the diodes are equal in magni- 

, and the current in each diode is in phase with 

its applied voltage. Additionally, the current flowing 
through the resistive components R,/2 are also in 
phase with the applied voltage. These currents are 
given by 2E,/R, and 2E,/R, respectively. The 
equations relating the magnitude of the currents 
flowing must thus be modified as follows: 

(1/2)? = E,*Y,* + (Tee + 2E,/R,* . 

(1/2)* _ E,*Y,* + (ae - 2E,/R,)* 
where Y, and Y, have the same meaning as formerly, 
ie. they are the admittances of the reactive elements 
of the tuned circuits. ee for Y, 
and Y, and writing g, = 
E,* [4C,(4a — 40) — ELC (te +: sap + 

41, g(E, — Ey) + 4¢,%E,* — E,*) = 

As the diode rectification efficiency is patient a 
per cent, E, = E, + E and E, = E,—E, where E 
is the a.f. output voltage. 

Combining the expressions above gives 


E _ —4ew 
. . 
1 + (/E,)* 


1+(g,2/4C,24 Q*) +1,,g,/(8C,24 O*E,)+(4a/24)* 
In this expression, we can replace I,, by 2I,,, and 
we can simplify the expression appreciably for 
initial examination by restricting consideration to the 
region where basa is appreciably less than walty, 
ie. to the working region 
near the centre frequency. 
becomes 


The expression for E then 
4w 
E = —-Eo in x 


1+g3/(4C,240*)+g,1 4,/(4C,240°E,) 
To a first degree of approxima- 


Limiters and Discriminators for 


3 (cont’d)—Practical 


Circuits : 


Ratio Detector 


Comparison of Foster-Seeley and Ratio Detectors 


creases, and conversely. In this form the circuit 
is over-com An examination of the ex- 
pression above suggests a way out of this difficulty. 
If only part of the load voltage is “ stabilized,” i.e. 
shunted by a large capacitor, E, will be no longer 
constant, and variations of numerator and de- 
nominator may be made to cancel. If a resistor R,,, 
is inserted in series with each “ ” as shown 
in Fig. 10, R, becomes R, + R‘, where R,’ 
is the resistance shunted by the large-value capacitor. 


E, in the f expressions must then be re- 
placed by E,’ + R,,Ig-, where E,’ is the new battery 
voltage, i.e. that loped across R,’, no longer 
equal to the total load voltage. Inserting this value 


for E,’ in the expression above gives 


1 + Ray Tac/Ey’ 

(1 + g,°/4C,°40%) [1 + g,I,./(g,* + 4C,?40%)E,} 
The factor 1/E, is the denominatcr can also be re- 
placed by 1/E,((1+R,,I4,/E’,), and provided the 
voltage R,,Iz, is small com with E,’, this can 
then be replaced by the first two terms of the series 
expansion, viz. 

1 


ty 


E,(1 + Rulae/Es) —— R, Jl ae/En) 
Then 
a —E,(1_ + Rylae/Ey’) (40/40) 
3 Sslac(l — Relae/Ey’) 
{1 + g%/4C,?40%} E + BY @? + 40,24 4 
- aa 


tion therefore, the output is linearly 
Proportional to the frequency of 
the input signal. However, it can 
be shown analytically that if the 


input current (I) i increases, then so 

the direct current in the load, 
Ix. This is apparent also from an 
inspection of the circuit. Thus we 
can draw the important conclusion 
that the audio output voltage de- 
creases, as the input current in- 


AP. 


*B.B.C. Engineering Training Department. 
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Fig. 10. ‘Ratio detector with resistors R,, to improve a.m. suppression. 


The output E is independent of I,, to a good degree 
of approximation if 
R, = &(1 — Rylae/Es) / (8,7 + 4C,°40%) 


; rs 8s 1 
it. Ru = 53 54C)40"" 1 +g,1q/(By +40, 409} 


gs 
g* + 40,740? + g,14,/E,’ 
This expression can be simplified by introducing 
the oo. Q value = _ secondary circuit 
Q, = R,w, oCy/Be- 
R,, = Rl + (20; Sey) + + Rylge/Ep} 
This expression shows that complete a.m. rejection 
cannot be achieved, since the optimum value of 
ds on I,,, which varies during the a.m. 
cycle. We can make the output due to a.m. zero over a 
limited range about a selected velue of I,,. It is 
usual to do this about the working point, when 
E,’/Ig, is equal to R,’ > the resistance in parallel with 
the stabilizing capacitor. Then 
Ru = Rm opt = Re/{l + (20,4F/f,)* + R/Rx’} 
The effect of varying R,,, whilst the total diode load 
remains constant is shown in Fig. il, which shows 
how the output varies with an a.m. input when the 
signal frequency is constant at a value near the centre 
frequency. The value of R,,,. is expressed in terms of 
U = R,,/R,, where R;, = R,’ + R,. The factor U 
is equal to the fraction of the output voltage which is 
not stabilized. The optimum value of U correspond- 
ing to Ry oy: calculated above is designated U, 
t this point it is convenient to introduce the 
‘e a suppression ratio.” This is a measure of the 
BE Tae of a f.m. detector in rejecting a.m. 
of the input signal. It is the ratio of the a.t. output 
due to f.m. to that due to a.m. when the input signal 
is modulated equally in depth by a.m. and f.m. 
The value of modulation depth employed is usually 


u=! 


Fig. 11. Showing vari- 
ort ation of a.f. output 
with input signal am- 
plitude for a fixed 
U=0 frequency input signal 

(4f small). 


yuru 
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A.F. OUTPUT 


30 or 40 per cent. Different frequencies are usually 
employed for the a.m. and f.m. components to 
facilitate measurement. Typical values for these 
frequencies are 100 c/s for the f.m. component, and 
2. kc/s for the a.m. component. In a practical ratio 
— the a.m. suppression ratio is between 20 and 
30 db. 

If now we return to the full expression derived 
earlier for E the a.f. output voltage, we can evaluate 
the distortion terms in the output. Substituting 
for the value of E, leads to the following expression 
“ “ag a.f. output voltage E expressed as a fraction 
of E,’ 


1 + B*y? 
<r ie 
where y = E/E,’ 


. = 4w/4Q = Af/AF 
= (2Q,4F/f,)*/{1 + (2Q, 4F/f,)*} 
: = R,’/(R,;’ + R,,). This is the fraction of the 
direct voltage at the diode output “‘ stabilized ” by 
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the electrolytic capacitor, and is equal to E,’/B,. 
If the graph of y against x is plotted, it has the ‘teem 

shown in Fig. 12 for the portion of the curve in 

which we are interested. 

in eee 


series, gi 
a,(4f/4F) + d,(4f/4F)°...... 


* sieand EE, = 
where d, = — 
and d, = A*B (1 — AB) 

In order to use this expression to determine dis- 
tortion terms, the value of 4F must be known, 
Except for the special case of R, infinite, this is not 
equal to the half-bandwidth (4F,) measured to 
the turn-over point of the practical characteristic, 
However, in the process of deriving the expansion 
above, it emerges that the turn-over points of the 
characteristics occur at the values given by x,* = 
1/AB. As A and B are both less than unity, the 
measured half-bandwidth 4F, is greater than 4F, 
In a practical circuit, if the measured half-bandwidth 
is found, 4F can be found from 


4F = 4F, \/AB 

The value of B can be calculated from the circuit 
constants. The value of A depends up 4F, and 
hence requires a knowledge of the answer. However, 
4F, be found by successive approximations if the 
value of 4F, is used instead of 4F to calculate A. 
This gives an approximate value of 4F, which can 
be used to determine A more accurately, and so on, 
In fact, the error introduced by using the first 
approximation only is generally small. 

Alternatively, the value of 4F can be calculated 
from a knowledge of circuit values. Thus the 
resonance frequencies of the two tuned circuits 


are given by 1/27\/(1 + M/2L,)L,C, and 


1/2m */(1—M/2L,)L,C, respectively. From these 
expressions 4F/f, = M/4L,, whence 
4F = Mf,/4L, 

If a tertiary winding or tapped primary circuit is 
employed, then L, must be replaced by a*L,, and 
M by aM, giving 

4F = Mf,/4aL, 

The expression for the output ” voltage is in 
terms of E,’ and 4F. If it is required to determine 
the sensitivity of the circuit, we require an expres 
sion relating E,’ to I;,. With a tertiary winding or 
tapped primary circuit, the equivalent circuit must be 
drawn with L, replaced by a *L,, C, by C,/@, 
R, by @’R, and Ij, by I;,/a. Wes consider the 
signal frequency to be near the centre frequency. 
We can then ignore the effect of the reactive com- 
ponents of the tuned circuit connected between 
terminals 1 and 2 of the equivalent circuit. The 
dynamic resistance of this tuned circuit (R) 8 
that which in parallel with R,/4 is equal to a*R, (se 
Part 1), i.e. 


1 
ar +E = &R, 

The impedance ss at the centre tap of the 
transformer T by the two tuned circuits and 
loads can be shown by an extension of the argument 
employed earlier to be 


R= (72) / + 2a. aPON 


where R,/2 is equal to R,/2 in parallel with R,/2, it 
the total damping applied to each of the two tuned 


circuits considered previously. The current flowing 
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x<=p=— Fp 
OF 


Fig. 12. Showing variations of output (y = E/E,’) against 
input signal frequency (x = 4f/4F). 


to the centre tap of the transformer T is then given 


by 
a ‘« + R’ 
R, +R’ 
The power poe to as centre tap of the trans- 
former is thus 


Pin = aR, 
ee 
TSG. ek) Be 


This power appears in the diode load circuit and in 
the dynamic resistances (R,/2) of the two tuned 
circuits. Near the centre frequency, the voltage 
actoss each dynamic resistance is approximately E,, 
and hence the power dissipated in each resistance is 
HER /2). The power in each diode load is E,?/R,, 
and mence 

1,.* R” 


a R, +R’ 
This expression has its maximum value when a = 
4p this value of a is given by 
1/a*op, = R,{1/R, — 4/R} 
Using this value for a, and E,’ = E,R,’/R,, gives 
maximum vn for E,’ = Ep’ mae 


E,’ maz =i DD ~ Tin VR,Rp/{l is (4R,/R,)} 
If as is usual, R,/4  apeectitihy greater than R, then 

Ey maz © t = lin VR,Rp 

and Bone © R,/ 
Near the centre frequency, the a.f. output voltage is 
given apes by 

= —AE,’4f/ 4F 

For maximum sensitivity, E,’ should be large and 
4F small. For E,’ to be large R, and Rp should be 
large. However, as we shall show next, the condition 
for good “‘ downward” a.m. handling capacity 
fequires R, small. Thus a practical design represents 
& compromise between these requirements. 

To complete the investigation of the circuit, we 
shall evaluate the maximum ‘“ downward” a.m. 
handling capacity. With no a.m. present, the rela- 
tionship between the peak value of the r.f. input 
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current to each of the tuned circuits (I/2), when the 
signal frequency is near the centre frequency, is 


given by 
(1/2)? = E,*(16C,24* + 4/R,*) 
= E,716C,240%1 + 1/((2Q,,4F/f,)*} 
When the diode current falls to zero, the value of the 
r.f. input current (I’/2) is given by 
(1//2)* = BE,” 16C, 40%1 + 1/2Q,4F/f,)% 


whence 
See i= 4F/f,)* 
Mnae = 1 — VA =1—F" |! 7700, 4F if) 
ane ds = + 1/(2Q, 4 F/f,)* 
+ + 1(2Q,4F/f,)* 


If 2Q, pa. is aia. the sion simplifies to one 
similar to that given earlier for the case of R, infinite. 

The value of m,,,, calculated above ignores the 
effect of the primary circuit, and in general this is not 
negligible. To evaluate this, consider the input 
impedance presented at the centre tap of the trans- 
former T of the equivalent circuit. With no a.m. 
present, this is 

R, = (R,/4Al + 2Q, 4Fif.) 
Similarly, the impedance when the diode current 
falls to zero is 

R, = (R,/4A1 + (2Q,4 Fif,)*} 

If the values of R, and R, differ, then m,,,, is 
modified. This happens because the proportion of 
the input current (I,,/a) fed to the centre tap of the 
transformer T differs in the two cases. The effective 
impedance R’ of the current source was shown earlier 


to be 

1/R’ = 1/a*R, — 4A, 
Thus the proportion of the input current flowing to 
the centre tap when no a.m. is present is given by 


5 ao St ee 
a R, +R’ 
and when the diode current falls to zero by 
ya ee 
a R, + R’ 


Thus m,,,¢ is changed from the value calculated 
above to 
1 lin’ ine I’R’+R, 
I R’+R, 
R’'+R, Ri /1+142Q,4F/f,? 
R’+R,R, WV 1+1/2Q,4F/f,)* 
Ratio Detector with Practical Diodes.—The 
analysis of the circuit operation with practical diodes, 
i.e. those with a rectification efficiency of less 
than 100 per cent is very complex, because the 
Gan cet Se SS ee is no 
ger equal to half the peak value of the 
pea be = frequency a.c. component I,,. If the 
poe efficiency is high, however, the assumption 
=I ee ee 
Tie diode katlé self must then be regarded as a perfect 
diode in series with a resistor R,;. This resistance 
then forms part of the resistance R,,, calculated earlier, 
and represents a minimum value below which R,, 
cannot fall. To calculate its value, we may note that 
given an input peak voltage E the “ perfect ” diode 
delivers an output voltage E. A fraction of this 
voltage, 7E, appears =— the true load resistance 
R,, where 7 is the diode rectification efficiency. 


, 
mM mae 


=1- 
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The remainder of the voltage (l1—7) E, appears 
across the fictitious resistor R,;. Hence 


It is the fact that » varies with the input signal level 
which limits the useful range of input signal levels 
which the detector can handle satisfactorily. 
Normally, 7 tends to a constant value as the input 
signal increases, and the circuit constants are adjusted 
for this value of 7. At low input signal levels, how- 
ever, 7 decreases 2 emo t’ and the a.m. suppres- 
sion ratio is seriously impaired. Thus there is a lower 
limit of input signal which the detector can handle 
satisfactorily. It is apparent that, for best performance 
high-efficiency diodes should be employed. 


Unbalanced Effects.—In the presence of ampli- 
tude modulation, a ratio detector exhibits an 
** unbalance effect.” This is an output due to the a.m. 
which is constant at all frequencies in the working 
range. This effect has a number of causes, which 
are not indicated by the preceding anaysis because 
of the simplifying assumptions made. The causes 
include variations of diode input capacitance with 
signal amplitude, the finite impedance of the tuned 
circuits to harmonics of the current flowing in the 
diodes, and inadequate decoupling of the diode 
loads at r.f, The last cause produces an effect which 
opposes that due to the first, and hence some reduc- 
tion of the a.m. output may be obtained by using 
relatively small decoupling capacitors. The second 
cause can be minimized by using a large value of 
secondary circuit tuning capacitance. This tends to 

x 


DISTORTION 


FREQUENCY SWING 


FULL DEVIATION 
Fig. 13. Showing how distortion varies for ratio detector 
and Foster-Seeley circuits having equal distortion at full 
deviation. * 

produce low values of R,, the dynamic resistance, 
and hence tends to lead to low sensitivity. A com- 
promise is thus necessary, and a value of 50pF is 
usually employed. The a.m. output can, however, 
most easily be reduced by unbalancing the two 
diode-load circuit resistors, R,,,. The foregoing analysis 
suggests that these should be equal; if, however, their 
sum is kept constant, while they are altered in- 
dividually, substantial reduction of the a.m. output 
is then obtained. 


Time Constant of Load Circuit.--The fore- 
going analysis was based upon the assump- 
tion that the time constant of the load circuit was very 
large, so that the load circuit could be replaced by a 
battery for the purposes of analysis. Unfortunately, 
if the time constant of the circuit is made very large, 
the tuning characteristics of the receiver are affected. 
The receiver then behaves like a conventional a.m. 
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receiver in which the a.g.c. time constant is too long 
there is an appreciable lag between adjustment 
of the tuning control and the return to stable operat. 
ing conditions. The tuning has then to be adjusted 
very slowly. To avoid this effect, the load time. 
constant has to be shorter than is desirable. In 
practice a compromise value of time constant of the 
order of 0.1 to 0.2 seconds is usually employed, 
Such a circuit ceases to behave like a constant- 
voltage battery when the input is varying at a slow 
rate, and there is a slow variation of the output 
signal in accordance with the signal variation. This 
is especially noticeable if “‘ flutter’ due to signal 
reflections from an occurs. This flutter 
generally begins to be noticeable when the flutter 
rate is about 0.5 c/s; the flutter rate increases, as 
does also the amplitude of the “ flutter,” until the 
flutter rate rises to value when the load time-constant 
is sufficient to suppress the variations. To cqunter 
this effect, an effective fast-acting a.g.c. system is 
required. A suitable control voltage is available from 
the load circuit itself, and this is usually employed, 
The a.g.c. system also has the desirable effect of 
equalizing the audio output from input signals of 
unequal amplitude. 

Variants of the Ratio Detector Circuit.—A 
number of variants of the ratio detector circuit have 
been described from time totime. The most common 
of these employ two tuned circuits instead of the 
phase-difference transformer. Two such circuits, 
shown in Figs. 14 and 15, are described by Paananen, 
In the circuit of Fig. 14, two tuned circuits are driven 
from two valves with the input grids connected in 
parallel, to supply equal currents to the tuned 
circuits. A battery is ; employed instead of the self- 
biasing circuit. In the circuit of Fig. 15, a low 
impedance source (a cathode follower) is used to 
drive two series-tuned circuits; the “ battety” 
voltage is provided by the cathode bias of the cathode 
follower. This circuit may be described as the dual 
of that of Fig. 14, in that a constant voltage is fed to 
two series-tuned circuits instead of a constant current 
to two parallel-tuned circuits. 


Comparison of the Foster-Seeley and Ratio 
Detector Circuits 


A comparison of these two circuits depend 
critically upon the requirements of the detector in@ 
receiver. These may be stated as (a) low distortion 
(b) good “‘ downward” a.m. handling capacity @ 
good a.m. suppression ratio (d) driving voltage 
required and (e) wide-band characteristics. On the 
score of low distortion, the Foster-Seeley circuit is 
better than a ratio detector of comparable bandwidth, 
although not necessarily better than a wide-band 
ratio detector. 

The two circuits differ appreciably in the way ii 
which the distortion varies with the signal 
swing. In the Foster-Seeley circuit, the distortion a 
optimum adjustment increases with the fourth powet 
of the swing; in the ratio detector it increases 
the square of the swing. Thus if both circuits at 
adjusted to give equal amounts of third-harmonit 
distortion at full deviation, their characteristics @ 
smaller frequency swings will be different. This# 
shown in Fig. 13. 

In respect of “‘ downward ” a.m. handling ca 
the two are not strictly comparable, since in 
Foster-Seeley circuit this maximum ‘“ down 
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Fig. 14. Ratio detector using two 
CHOKE parallel-tuned circuits and battery 


bias. 
+4.T. 


a.m. handling capacity is proportional to the amount 
by which the input signal exceeds the “ threshold ”’ 
input required by the limiter. In the ratio detector, 
the maximum “‘ downward ” a.m. handling capacity 
is a fixed quantity. In general a detector should be 
capable of handling ‘‘ downward ” modulation of the 
order of 50 per cent, and both circuits can normally 
achieve this. 

The a.m. suppression ratio required in a receiver 
depends upon the type of interference encountered. 
To deal satisfactorily with all types of interference a 
ratio of 35-40 dB would appear to be necessary. The 
Foster-Seeley circuit preceded by a limiter has a 
ratio of the order of 40 dB. The ratio detector, in 
practice, appears to have a ratio of the order of 
20-30 dB. ‘This is not sufficient for all types of 
interference, and is perhaps the most serious limita- 
tion of the circuit. The ratio can be increased by 
employing a limiter preceding the detector, but if 
this is done a relatively large input signal to the stage 
isrequired. This offsets one of the major attractions 
of the ratio detector, the smaller number of valves 


this generally leads to some loss of overall gain. 

The driving voltage quoted differs for the two 
cases. With a Foster-Seeley circuit, there is a 
‘threshold ” ” at which the limiter commences to 


ratio rises rapidly to an approximately constant value, 
and the a.f. output tends to a constant value. The 
“downward ” a.m. handling capacity rises linearly 
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with the ratio of input signal amplitude to threshold 
amplitude. In a ratio detector there is a “‘thresho 

of a different type. This occurs when the input 
signal falls to the point where the diode efficiency 
begins to fall off. Below this threshold the a.m. 
suppression ratio and “ downward” a.m. han 

capacity i 


operation with a Foster-Seeley circuit is thus fairly 
well defined. If the circuit is to handle ** downward ” 
a.m. to a modulation depth of 50 per cent, this 
requires the input signal to the limiter to be approxi- 
mately twice the threshold input. In a practical 
circuit, this corresponds to an input signal of some 
two volts at the limiter grid. The “‘ threshold ” input 
signal with a ratio detector is usually stated as the 
input — required at the gri 
feeding the detector, and this ma 


compara 
Foster-Seeley circuit, is perhaps better. 
power es vgicadnag pol ay eyed on 
comparison is some 100 mV, the 

then approximately 1 volt peak. 
from the aerial input to the driver/limiter grid is thus 


employing a Foster- 
an i.f. stage to be omitted. However, this saving may 
not be possible if the a.m. suppression ratio of the 


ratio detector, 
** diagonal clipping ” as. in the circuits of Figs. 14 
+HI. 


Fig. 15. Ratio detector using two 
series-tuned circuits. 
3H 
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AGt<—— equal to E,’. 
GALS the 6BA6 to have a 
S35KnN conductance of 4.3 mA/V, 
2 a the calculated value of 
; b+ E,’ is 2.3 volts. The 
‘1 J 550 5 3 measured value of the 
SSpF mr S6eKN maximum ‘“‘ downward” 
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> uF a.m. capacity is 70 per 
= cent; the calculated value 

sen is 70 per cent also. 
To evaluate sensitivity 


‘T 5.000pF 


5,000 FT 


sory 2.0000F 7" 


ae and ion, the values of 
Kh A and B are i 

From circuit values B = 

Ho 0.68. The value of A is 

39K ae, calculated to be 0.83, given 


the measured half- 
bandwidth (4F,) of 1% 
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Fig. 16. 
Review, june 1947). 


and 15. With increased bandwidth, the ‘“‘ downward” 

a.m. handling capacity decreases, and hence a wide- 

— be preceded by an efficient 
iter. 


Theoretical and Practical Results 


To illustrate the order of accuracy of the preceding 
analysis, the practical results can be compared with 
those given for a published design. The design 
chosen is that due to Seeley and Avins, described in 
the RCA Review, June 1947. The circuit diagram 
is shown in Fig. 16. 

The rectification efficiency of the diodes was 
estimated from published data to be 0.8 approxi- 
mately. The value of R,,, the equivalent inherent 
resistance of each diode, is thus found to be 2kQ. 
This gives the mean value of R,,, of the practical circuit 
as 3.25kQ. The calculated value is 3.2 kQ. 

The measured a.g.c. voltage is 2.5 volts for an r.f. 
input of 100 mV to the grid of the 6BA6. This is 


kc/s. The value of 4F is 
then 135 kc/s approxi- 


Circuit values used in ratio detector described by Seeley and Avins (RCA mately. 


Taking E,’ as 2.5 volts, the 
a.f. output voltage is given 
by E = 0.0154(4f) + 2.7 x 10-"4f)* ... 
where 4f is measured in ke/s. 
With an input signal of 75kc/s deviation, ic. 
4f = 75 coswt 
E = 1.06 cos wt + 0.03 cos3 wt... 


The calculated r.m.s. fundamental frequency af. 
output is 0.75 volt; the measured value is 0.7 volt. 
The calculated third harmonic distortion is 2.0 per 
cent (r.m.s.); the measured total harmonic distortion 
is 2.5 per cent (r.m.s.). 
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SHORT-WAVE CONDITIONS 


Prediction for May 
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THE full curves given here indicate the highest fre- 
quencies likely to be usable at any time of the day or 
night for jiable communications over four long- 
distance paths from this country during May. 
Broken-line curves give the higliest frequencies that 
will sustain a partial service throughout the same period. 
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eecccceose FREQUENCY BELOW WHICH COMMUNICATION SHOULD 
BE POSSIBLE FOR 25% OF THE TOTAL TIME 


— — — PREDICTED AVERAGE MAXIMUM USABLE FREQUENCY 


FREQUENCY BELOW WHICH COMMUNICATION SHOULD 
BE POSSIBLE ON ALL UNDISTURBED DAYS 
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Portable Transistor 


By S. W. AMOS*, B.Sc. (Hons.), A.M.1.E.E. 


Bus junction transistors which have been avail- 
able in this country for a few years have been mainly 
a.f. types with alpha cut-off frequencies not exceeding 
0.5 Mc/s. Though perfectly suitable for use in audio 
amplifiers, these are far from ideal for use in r.f. or 
it. amplifiers or as frequency changers and it has not 
therefore been possible to construct super- 
heterodyne receivers using such transistors in all 
stages. A number of circuits for transistor superhets 
have been published but these have relied on the use 
of low intermediate frequencies such as 315 kc/s, 
and/or oscillators which operate below the signal 
frequency. Low intermediate frequencies increase 
the danger of image interference and low oscillator 
frequencies make ganging of oscillator with signal- 
frequency circuits difficult. 

The alpha cut-off frequency quoted by transistor 
manufacturers is the frequency at which the current 
gain of the transistor, when used as a common- 
base amplifier, is 3 dB down compared with the 
low-frequency gain. However, for a satisfactory 
performance from a common-base amplifier the 
alpha cut-off frequency must be at least twice the 
operating frequency: thus if the intermediate fre- 
quency is 465 kc/s an alpha cut-off frequency of at 
least 1 Mc/s is required. For reasons given later 
common-emitter operation is generally preferred, 
and for satisfactory performance in this mode the 
alpha cut-off frequency must be higher still. Thus 
transistors intended for use in i.f. stages usually have 
alpha cut-off frequencies in the range 1 Mc/s to 
5 Mc/s. The requirements of the trequency changer 
are even more stringent because the transistor used 
in this position must be capable of oscillating at 
2 Mc/s when the receiver is tuned to the high-fre- 
quency end of the medium waveband: transistors 
intended for such applications may have alpha cut-off 
frequencies as high as 8 Mc/s. Recently transistors 
of this .type-~known as r.f. transistors—have been 
introduced. With them it is now possible, for the 
first time, to construct a superheterodyne receiver 
with transistors in all stages which will e over 
the full medium waveband (550 kc/s to 1.6 Mc/s) 
using the conventional intermediate frequency 
of 465 ke/s. 


Low Running Costs 


This article describes the design of a portable 
battery-operated receiver of this type using a total 
of seven junction transistors (four a.f. types and 
three r.f. types) and one point-contact diode. The 
power output is more than 300 mW and the sensitivity 
is such that, even with a ferrite-rod aerial, the output 
stage can be overloaded on Brussels and Hilversum 


*B.B.C. Engineering Training Department. 
WIRELESS WoriLD, May 1957 


SENSITIVE SUPERHETERODYNE 


CIRCUIT INCORPORATING _ RF. 


TRANSISTORS 


1. GENERAL PRINCIPLES OF DESIGN 


when the receiver is used in the London area. The 
receiver operates from a 4.5- or 6-volt battery. Such a 


making possible very compact receivers; they are 

non-microphonic and have a longer life than valves. 
Their life is not unlimited (as has sometimes been 
suggested) but decreases as the operating temperature 
rises. Used in a receiver of the type to be described 
they should have a life many times that of valves. 
To offset these advantages the transistors are slightly 
more noisy than valves and at present they are more 
expensive. 

Most battery-driven portable receivers have 4 
valve superhet ciruits basically similar to those 


gain of battery valves and because the frame or 
ferrite-rod aerials of portable receivers do not give 


in spite of it, the sensitivity is usually 

for the reception of the local stations even when 
the receiver is used in an untavourable situation. 
Moreover, an improvement in performance would 
require additional stages of amplification and, in a 
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battery superheterodyne receiver the frequency 
changer and i.f. stages account for a large fraction 
(between one-quarter and one-half) of the total power 
consumption. Thus extra stages must inevitably 
cause a significant increase in h.t. and L.t. 

There is no need to accept such a limitation in the 
performance of a transistor receiver because the 
current taken by the early stages is a much smaller 
fraction of the total current drain and the increased 
consumption due to any added transistors is negligible. 
Thus there is no need to limit the number of stages 
on the grounds of running costs and the receiver can 
be given the maximum sensitivity likely to be re- 


The required sensitivity was estimated by com- 
parison with a mains-driven superhet recently 
described by the author’. This receiver needs a signal 
of approximately 20 »V (modulated to a depth of 
30 per cent) at the output of the medium-wave 
ferrite-rod winding to give 300 mW output and it 
was decided thet the transistor set should give its 
maximum output for a smaller voltage at the output 
medium-wave winding. High sensitivity is of little 
use, however, unless it is accompanied by ‘high 
selectivity. 


Class A or Class B? 


We shall now consider the broad principles of 
design of a superheicrodyne transistor receiver, 
beginning with the output stage. Here a choice has to 
be made between class-A and class-B operation. 
The quality of reproduction obtainable with a class- 
B stage is probably inferior to that from a class-A 
stage but it can be improved by negative feedback. 
However, too much importance should not be attached 
to this point; the small loudspeaker and limited 
baffle area of a portable receiver inevitably impose 
limitations of the quality realizable. A class-A 
stage could be only a single transistor and this can 
be RC-coupled to the previous stage; a class-B 
stage needs two transistors operating in push-pull 
and requires some form of phase-splitting device, 
such as a transformer with a centre-tapped secondary 
winding, between it and the previous stage. More- 
over a class-B stage necessitates thorough decoupling 
of the supply to the frequency-changer and i.f. 
stages to prevent feedback of harmonics of the a.f. 
output and consequent distortion—we shall return 
to this point in Part 2. Thus the first cost of a re- 
ceiver with a class-B stage is higher than that of a 
receiver with a class-A stage. However, the collector 
dissipation in a class-A stage is a maximum in the 
absence of a signal. Such a stage is more likely to 
suffer from thermal runaway with possible damage 
to the transistor than a class-B stage, and circuit 
precautions will be necessary to prevent this. This 
subject and that of protective circuits will also be 
discussed more fully in Part 2. 


Efficiency 


The running cost of a battery-operated receiver is 
probably more important than the first cost and 

ds on the efficiency of the output stage which 
in turn depends on the shape of the characteristics of 
junction transistors. The characteristics of an output 
transistor are illustrated in Fig. 1. They are practically 
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straight, parallel and equidistant: moreover, the knee 
of the characteristics occurs at a very low collector 
voltage which means that the signal-frequency voltage 
generated across the transistor during amplification 
can nearly equal the battery voltage. As a result the 
efficiency of a transistor, i.e., the ratio of output 
power to the power taken from the battery, is near 
the theoretical maximum which, for class-A operation, 
is 50 per cent. This applies only on peak audio 
signals for which the transistor delivers its maximum 
output. If the output is not at maximum (and for 
music and speech signals the average level is below 
the maximum level tor a considerable fraction of the 
total time) the average efficiency is much less than 
50 per cent. For a class-B stage the efficiency does 
not vary greatly with the amplitude of the input signal 
and in practice can exceed 70 per cent. Moreover a 
class-B stage is a quiescent system; that is to say the 
collector current is very small in the absence of an 
input signal but rises with increase in input signal 
level. Thus the relative economy of the class-B 
output stage is greater than the ratio of the two 
efficiency figures suggests and the running cost of a 
receiver with a class-B stage is much less than that 
of a receiver with a class-A stage delivering com- 
parable output power. 

Thus the choice between class-A and class-B 
output is influenced by the relative importance of 
first cost and running cost. If running costs must 
be low a class-B stage is preferable. If running costs 
are not so important a class-A stage is preferable, 
It does not follow, of course, that a transistor set with 
a class-A stage will be expensive to run. Because of 
the superior characteristics of transistors it must 
be more economical than a valve set. As an illus- 
tration a transistor operating with, say, 22.5 volts 
supply can give an output of 100 mW for a collector 
current of 10 mA; this is approximately the power 
output of many valve receivers operating with 
67.5-volt batteries. The transistor set requires no 
elaborate filtering of the supply to the early stages 
and the total battery drain is unlikely to exceed 
12mA at which even small cells should give a 
reasonable life. This could form the basis of a 
simple and compact superhet receiver. 


Choice of Circuit 


However, most of the transistors at present 
available in this country are intended for operation 
at lower collector voltages such as 6 or 9 volts, 
At 6 volts a class-A output stage must consume 
33 mA to give an output of 100 mW. For sucha 
stage the collector dissipation is 200 mW in the 
absence of an input signal. With little choice of out- 
put transistors at the moment, no type could be 
found which is suitable for such an application. 
Most of the available transistors are rated for dis- 
sipations of 100 mW or less and it was decided to 
use two of these in class-B push-pull for the output 
stage. From these it is possible to obtain more than 
300 mW output without exceeding the maximum 
collector dissipation. The collector current rises 10 
over 100 mA on programme peaks but the average 
is 25 mA, less than that required by a class-A stage 
to give 100 mW. 

The output transistors can be operated in common- 
base, common-emitter or common-collector circuits. 
In a common-base amplifier the current gain of the 
transistors is less than unity and high gain is possible 
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only bv using high load impedances and these are 
inconvenient in an audio output stage. The choice 
is thus between common-emitter and common- 
collector and in this receiver, as in most transistor- 
operated equipment, common-emitter working is 
preferred because of its higher gain. There is some 
distortion and a minimum of aon 6 dB of feedback 
is advisable to improve linearity. 

The maximum power output obtainable from a 
class-B push-pull pair is aj y four times 
the maximum permissible collector dissipation for 
each transistor, and if this is taken as 85 mW—a 
typical value—the power output is 4 x 85 = 
340 mW. This peak power is equal to VI/2 where 
VY is the peak collector voltage and I is the cor- 
responding peak collector current. If P is the power 
we have 

2P 
ees, ! 
For 340-mW output and a 6-volt supply 


y 
6 mA 


= 110mA., 

um load for each transistor is given by 
v 6 
I 


The optimum 


lio x 108 
= 55 ohms 
giving a collector-to-collector load of 220 ohms. 
From this the turns ratio for the output transformer 
can be calculated. If the loudspeaker is of 3 ohms 
impedance the ratio is given by +/(220/3): 1 which 
equals 8.5: 1. 


Driver Stage 


If we take the current gain of the common-emitter 
output transistors as 50, the input current required 
for maximum output is approximately 2mA. This 
is supplied by a driver stage, also common-emitter, 
coupled to the output stage by a transformer with 
a ratio of 1: 1, the secondary winding being centre- 
tapped. Thus a l-mA peak swing is required from 
the driver stage: the collector current for this stage 
must hence be at least I mA and is adjusted to at 
least 2 mA to allow a safety margin. If the current 
gain of the driver stage is also 50, an input current 
of 20A is needed for maximum output. .The 
input resistance of common-emitter stages is usually 
or the order of 1kQ and the peak imput signal 
required at the base of the driver stage is hence 
20 x 10—-* x 10? = 20 mV. This could be supplied 
directly from the diode detectors but to obtain the 
gain from the pre-detector stages mecessary to give 
the desired sensitivity at least three i.f. stages would 
be necessary. Some difficulty is likely to be experi- 
enced in stabilizing such an i.f. amplifier. Moreover, 
the gain of one a.f. stage is higher than that of one 
if. stage. It is therefore preferable to use three a.f. 
stages rather than three i.f. stages. The a.f. amplifier 
80 obtained is very sensitive, requiring less. than 
1 mV input for maximum output, but the sensitivity 
is reduced by negative feedback applied from the 
secondary of the output transformer to the emitter 
of the first a.f. stage. This improves the linearity 
of the a.f. amplifier and also increases the input 
resistance of the first a.f. stage; a useful feature 
because, for a given degree of peak clipping in the 
detector stage, it permits the use of larger diode 
loads than would otherwise be possible. 
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The first a.f. stage is direct-coupled to the detector 
to give amplified a.g.c. Such amplification is neces- 
sary because it is impossible to obtain a large enough 
control voltage directly from the diode detector. 
There is a step-down ratio in the i.f. transformer 
coupling the final if. amplifier to the detector and 
the peak voltage swing at the collector must neces- 
sarily be less than the battery voltage: thus the signal 
delivered to the diode must be small and in fact is 
inadequate for giving’ effective a.g.c. 

By using a three-stage audio amplifier the re- 
quired sensitivity can be achieved with two if, 
stages and we will now consider the problems which 
arise in the i.f. section of the receiver. These differ 
markedly from those encountered in the i.f. section 
ot a valve receiver. For example, the i.f. transformers 
in 0 vile eles Oe ee See, ae 
to the input and output impedances of the valves 
with which they operate because the impedances 
are too high to have significant effect on the trans- 
former performance. In a transistor receiver the 
Aameens One Se ee Sens De Se ee 
bearing on transformer design: in fact, the input and 


Fig. |. Collector-current/collector-voltage characteristics 
for an open transistor. 


output resistances largely determine the design and 
performance of the transformers. 

These resistances depend, of course, on the type of 
amplifier used and here there is the usual choice 
between common-emitter and common-base circuits. 
Ini.f. amplifiers general opinion is not so unanimously 
in favour of common-emitter as in a.f. 
amplifiers. For a given alpha cut-off frequency a 
common-base amplifier will operate up to higher 
frequencies than a common-emitter amplifier and, 
where cut-off frequencies are low, the use of this 
type of amplifier is justified. However, the applica- 
tion of standing bias and a.g.c. bias to such an 
amplifier is difficult: if the base is connected to the 
positive terminal of the battery supply a yet more 
positive voltage is needed for the emitter bias. A 
common-emitter amplifier is more convenient to 
bias, and, as manufacturers steadily raise the cut-off 
frequencies of transistors, this type of amplifier is 
likely to become standard in time. If the emitter 
is connected to the positive terminal of the battery 
supply, the negative terminal can be used as a 
source of negative bias for the base. This mode of 
operation is used in the i.f. amplifier and in fact 
in all the stages of the receiver to be described. 
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thad heaini 


Fig. 2. Block schematic diagram for of 
bandpass characteristics by means of negative feedback. 


The i.f. amplifier provides most of the selectivity 
of the receiver and it was decided that four tuned 
circuits with an effective Q value of at least 100 
were necessary to provide the desired selectivity. 
This is better than in many valve receivers where 
working Q values are commonly of the order of 70. 

These four circuits can be arranged as a succes- 
sion of single-tuned circuits or can be grouped to 
form two double-tuned circuits. Both arrangements 
give the same skirt selectivity; i.e., the same slope 
of response curve outside the pass band. However, 
a cascade of single-tuned circuits inevitably gives 
some side-band cutting, the extent of which can 
easily be calculated as follows. -A single-tuned 
circuit resonant at 465 kc/s and with a Q of 100 
has an effective bandwidth of 465/100 = 4.65 kc/s: 
that is to say the response is 3 dB down at 2.3 kc/s 
from ‘the centre frequency. Four such circuits 
woulc therefore give a loss of 12 dB at this fre- 


Fig. 3. Response of circuit of Fig. 2 when output load is a 
pure resistance 


quency, making reproduction very low-pitched. 
It is better to group the tuned circuits into pairs, 
coupling the members of each pair to give a band- 
pass response. Such an i.f. amplifier can be designed 
to give a substantially level response over the 
required pass band thus making possible better 
reproduction than is obtainable with single-tuned 
circuits. This is, of course, the basis of design of 
valve superheterodyne receivers where one double- 
tuned circuit is used to couple the frequency changer 
to the if. amplifier and a second is used to couple 
the i.f. amplifier to the detector. 

In the transistor receiver the design is not so 
straightforward. Two i.f. amplifiers require three 
inter-stage couplings, and introduce the problem 
of including two bandpass filters without using a 
further tuned circuit or an aperiodic network for 
one of the couplings. 
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One possibility is to use only one bandpass filter 
and two single-tuned circuits. The two single 
tuned circuits will each give a loss of 3 dB at 2.3 ke/s 
mistuning giving a total of 6dB. This can be off- 
set by over-coupling the two tuned circuits forming 
the bandpass filter so that they give a response 
with ‘“‘rabbit’s ears” which neutralize the loss 
of the single-tuned circuits to give an overall re- 
sponse flat up to, say, 3 kc/s off tune. This is, how- 
ever, an impractical solution. The peaks are usually 
of differing heights. Moreover, if the damping im- 
posed by a transistor on one of the tuned circuits 
in the bandpass filter should change for any reason— 
say due to an alteration in a.g.c. bias applied to it— 
the Q of the circuit will alter and so will the height 
of the peaks. There will thus be significant changes 
in the shape of the pass band with changes in signal 
strength. 

The solution adopted in this receiver is based 
on an idea described by Jewitt* which enables a 
bandpass response to be obtained from two single- 
tuned circuits which are separated by an amplifier, 
The explanation of the circuit can be followed from 
Fig. 2 which illustrates such an amplifier in block 
schematic form. The input tuned circuit forms the 
lower arm of a negative feedback potentiometer 
and therefore frequency-discriminating feedback is 
applied to the amplifier. Feedback is at maximum 
at the resonance frequency, less at frequencies 
slightly displaced from resonance and is practically 
nil at frequencies remote from resonance. If the 
amplifier has a load independent of frequency, 
such as a pure resistance, its frequency response 
will show a dip at the resonant frequency of the 
input tuned circuit as shown in Fig. 3. When the 
load resistor is replaced by a parallel tuned circuit 
the overall frequency response becomes a com- 
bination of the dip due to the input tuned circuit 
and a hump due to the frequency-selective load 
circuit. Depending on the degree of feedback this 
response can be flat-topped (corresponding to 
critical coupling in a conventional bandpass 
filter) or can have two peaks corresponding to greater- 
than-critical coupling. It is useful to remember 
that critical coupling is obtained when the feedback 

is adjusted to give 6 dB loss at the mid-band fre- 
quency. The effect of adjusting the feedback frac- 


* Jewitt, H. S., “ Wide-band I1.F. Amplifiers,” Wireless World, 
Feb., 1954. 


Fig. 4. 


curves of circuit of Fig. 2 for three 
degrees of feedback. 
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Fig. 5. Skeleton diagram of transistor receiver. 


eee St Coens Sepa eeapanee to: Seemed 
in Fig 
The third and fourth tuned circuits in the re- 

ceiver if. amplifier are arranged to Sean:o tipteck 
amplifier of this type. The first and second tuned 
circuits are arranged as a conventional bandpass 
filter with top-end capacitance coupling. This is 
illustrated in the block schematic diagram of the 
receiver in Fig. 5. The coefficient of coupling used 
in the first bandpass filter must be chosen with care 
because the first if. amplifier is controlled from 
the a.g.c. line and the damping it imposes on the 
second tuned circuit can vary. If the coupling is 
made critical when damping is at maximum, “ rab- 
bit’s ears’ will develop when damping is reduced. 
It is better therefore to arrange to have critical 
coupling when damping is a minimum. When 


than critical but the response is still single-peaked 
though the bandwidth is less than it was. This 


trok—but the truth is that the variations in band- 
width are difficult to avoid, 


decrease with increase of signal strength and it is 
fortunate that this is, in fact, pol The 
bandwidth is a maximum on local sta 
best quality is required and a ann ee ok 
signals from which quality is often marred by 
noise and sideband splash. 


LF. Circuits 


We now come to the design of the i.f. circuits 
themselves. In addition to providing the required 
ar cage dln angy Soma Casas 5 
tance of one transistor (approximately 30k > S 
the input resistance of the following one (app 
Saar a ban ts cadet So pasvtiy Sakae aoe. 
must in fact behave as matching transformers 
and have a turns ratio given by »/(30 kQ/1kQ): 1; 
Lé., approximately 5.5: 1. The connections of col- 
lector and base to the tuned circuit must hence be 


on collector and base differ and capacitors 
must be used to transfer signals pe the tuned 
circuit to the transistors. 
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\ 
5-5:1 STEP-DOWN RATIO 


Fig. 6. Use of tappings on parallel-tuned circuit to match 
the output resistance of one transistor to the input resist- 


55:1 STEP-DOWN exnid 


30K 


Fig. 7. Use of primary and tertiary windings to match the 
+ pee resistance of one transistor to the input resistance of 
next. 


A better method is to employ separate windings 
for collector and base as in Fig. 7. the tuned circuit 
thus has three windings; a primary connected to the 
collector, a secondary which is tuned to 465 kc/s 
by a parallel capacitor and a tertiary which is con-_ 
nected to the base. The turns ratio of primary to 
tertiary must be 5.5: 1; we now have to determine 
the turns ratio of primary to secondary. This is 
determined by the permissible damping of the tuned 
circuit. If the secondary circuit has a high Q— 
say 300—the ratio of primary to secondary turns can 
be so chosen that the damping due. to collector and 


reduced to on the lows is only 2.5 4B. 

Seema it is best to design 
forthe highest undamped Q but there are chen large 
changes in damped Q and therefore in the i.f. response 
curve when the deessing Gon. 00 te wanaints alters 


a, | Designing I.F. Transistor Transformers,” 
Electronics, Aug. 1 ‘ 
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as a result of a.g.c. action. A compromise is required 
and it is probably best to accept the 6-dB loss and to 
arrange that the Q is reduced to half by transistor 
damping. The removal of one source of damping 
due to a.g.c. can then at worst cause only a 32 per 
cent change in damped Q. In the receiver to be des- 
cribed two losses of 6 dB each are suffered by adopting 
bandpass circuits and it was decided to use undamped 
Qs of 300, which are reduced to 100 by transistcr 
damping. The change in Q due to removal of damp- 
ing due to one transistor is then 50 per cent but this 
is allowed for, as mentioned earlier, by arranging 
that the bandpass filters are never more than critically 
coupled. 

The output capacitance of a transistor in a common- 
emitter circuit is of the order of 30 pF but can vary 
by as much as 18 pF with the bias current. Hence the 
if. transformers must be so designed that these 
variations do not significantly alter the tuning. This 
requires that the equivalent capacitance across the 
primary winding should be large enough to swamp 
possible output-capacitance variations. If we decide 
that mistuning shall be limited to one-half per cent 
(2.3 kc/s in 465 kc/s) the capacitance change must be 
less than one per cent. If the output capacitance 
changes by 18 pF, the equivalent primary capacitance 
—— not be less than 1800 pF: in fact it is 3200 pF. 

The frequency changer stage can be a self-oscil- 
lating mixer requiring only one transistor or can 
consist of a separate oscillator and mixer which 
requires two transistors. The two-transistor circuit 


has slightly higher conversion gain and has the ad- 
vantage that a.g.c. can be applied to the mixer stage, 
However, the gain of the receiver is quite adequate 
with a self-oscillating mixer and, to economize in 
first cost, this form of circuit was adopted. Not all 
r.f, transistors are successful as frequency changers; 
some which are quite satisfactory as i.f. amplifiers 
fail to oscillate or oscillate only over part of the band, 
Careful selection is thus necessary to find a suitable 
transistor for this position. Some transistors are 
marketed specifically as frequency changers and with 
these no difficulty has been found in securing a good 
performance over the whole of the medium waveband, 

In addition to giving complete medium waveband 
coverage the receiver was designed to receive the 
Light Programme transmission on 200 kc/s. This was 
achieved, as in another receiver described by the 
author‘, by adding sufficient parallel capacitance to the 
medium-wave oscillator circuit to bring the resonance 
frequency down to 665 kc/s when the tuning capacitor 
is at its mid-setting. The switch used also selects a 
fixed-tuned long-wave winding on the ferrite rod, 
No difficulty was experienced on maintaining oscilla- 
tion at 665 kc/s in spite of the reduced Lic ratio, 

A block schematic diagram of the complete re 
ceiver is given in Fig. 5 showing the links between 
the stages for a.f. feedback, i.f. feedback, neutralizing 
and a.g.c. A full circuit description will be given in 
a later issue. 


. wt S. W., “ Design for a Car Radio,” Wireless World, Dee, 


PLOTTING EYE MOVEMENTS 


A Method Depending on the P.D. between Cornea and Retina 


MUCH has been heard of motion study for the reduc- 
tion manual fatigue in repetitive manufacturing 
operations, but less of eye fatigue in tasks calling for 
visual concentration on, say, a number of dials or meter 
readings. If the operator’s eye movements could be 


~ gon for electro-oculography made by E.M.!. for the 
Naval Motion Study Unit of the Admiralty Research 
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analysed it should be possible to devise an 
of the indicators which requires the minimum effort for 
supervision. 

Optical methods, such as corneal reflections and 
cinematography, have in the past been used to plot 
movements of the eyes when the subject has been set 
a visual task, but these have left something to be 
desired either on the score of convenience or accuracy. 
A new method depends upon the fact that a difference 
of potential exists between the cornea and the retina of 
the eye. If electrodes are applied to the surface of the 
face’ adjacent to the eye, any movement from a 
position can be resolved into horizontal and vertical 
components from the alteration in potential of the skin 
electrodes, which are disposed in pairs on lines which 
would intersect at the centre of the iris. 

The results may be plotted by a pen recorder of 
displayed in two ensions on a cathode-ray tube—@ 
method developed by Dr. N. H. Mackworth of the 
M.R.C., Applied Psychology Research Unit, Cambridge. 

The potential differences are small, 15 to 20“V per 
degree of movement of the eye and s twin-channel 
wo Ply oe gg Bag « Ah by E.M.I. Elec 

td., for this application with gains of the order 
of I 10,000. Feedback is frequency-dependent and # 
designed to reject mains interference while presaaa 
a short rise time for step changes of input. 
amplifier is provided with a backing-off circuit to com- 
pensate for standing potentials, which vary between 
individuals, at the arbitrary “zero” position of the eye 
Zero drift in the amplifier is less than 20-V in ® 
minutes. 
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Manufacturers’ Products 


NEW ELECTRONIC EQUIPMENT AND ACCESSORIES 


VHF. Measuring Sets 


TWO self-contained, portable frequency meters for 
accurate measurement of frequency up to 1,000 Mc/s 
have been introduced by Telemechanics, Ltd., 3, Newman 
Yard, Newman Street, London, W.1. One, the Type 
7474, covers 20 to 250 Mc/s and the other, Type 7475, 


Telemechanics 
Type 7475 v.h.f. 
measuring set. 


85 to 1,000 Mc/s using the fundamental and harmonic 
frequencies of the in! tor in each case. 

Signals are picked up by a short aerial, heterodyned to 
zero beat and the frequency read off tabulated charts, 
housed in the drop-down cover, from dial readings. An 
accuracy of 0.002% at 25°C is claimed. 

The sets can be used also as radiation-type signal 
generators with or without modulation at 1,000c/s. 
While normally battery operated, provision is made for 
substituting a mains power unit if required. The price 
of each model is provisionally fixed at £245. 


Record Handling 


A USEFUL tool for holding gramophone 
been produced by Claravox Products 


records to be gripped rubber-covered tongs at the 
edge and in this way delicate pla yA of 
long-playing records can be protected agains dust- 
collecting fingerprints. This instrument will perhaps be 
oF mens Se Se eeeeies Seen es eres 
if this is done by hand alone it is difficult to avoid 


t ing the playing surface. Care must be taken to 
avoid flexing the record about the clam of 
this precaution with shellac records could to 
ao 

Tee Senne & cane 2 en Se > 
18s 6d, and the address of the makers is 465 Walsgrave 


Road, Coventry. 


“Semi-Communications” Receiver 
THE illustration shows a broadcast set having the 
features 


Model 870 and as it is designed for operation on 110 V 
or 200/250 V d.c. or a.c. su it is particularly suit- 
able for use on board ship. and 
long-wave bands the set has two short-wave ranges, 
covering between them 1.95 to 18 Mc/s. 

The circuit is — orthodox and consists of a 
heptode frequency an aa if. (465 ke/ be /9 d-d- 
triode, detector, a.g.c. and tetrode, with nega- 
tive feedback, feeding a built-in loudspeaker. An if. 
rejector is embodied in the jal circuit and a filter 
in the mains leads to smooth out any 
ships’ electric supplies. Thermistors ae fuses safeguard 
the valves and the set. 

Like other Eduystone sets the dial occupies the full 
width of the front and a long pointer traverses 
the four full-length, frequency-calibrated scales as well 
as a special scale. 

Just above the last-mentioned is a small window 
through which is viewed a vernier logging scale which, 
used in conjunction with the coarse logging scale, enables 
the dial settings of stations to be recorded precisely for 
future occasions. This is invaluable on the very crowded 
short-wave bands. 

The “870” is housed in a two-tone grey metal cabinet 
measurin; heaprem « Srna it weighs 114lb and has 
tropical finish thro 

ie makers are <a and Co., Ltd., Alvechurch 
Road, West Heath, Birmingham, 31, and the price is 


eran 


TA Cie el. oR ARES 


Claravox Products ** Miragrip.”” 


Eddystone Modei 870 broadcast receiver. 
Wmatess Wor_tp, May 1957 


£24 plus £10 16s U.K. purchase tax 
a; 
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. SCALES 


News from the Industry 


R.E.C.M.F. Council.—At the an- 
nual general meeting of the Radio 
and Electronic Component Manu- 
facturers’ Federation on March 19th 
the representatives of the following 
firms were elected to the 1957/58 
council: the representatives’ names 
in parentheses. Colvern (H. J. 


» St. . E. Bivand), 
.C. (W. F. Taylor), Rigo (E. 
ged Bulgin (A. — 
Belling and Lee (E. M. Le A 4 
Hunt (S. H. Brewell) and Wicgrove 
and Rogers (A. J. D. Dobie).. The 
chairman is Richard Arbib and the 
ap dhianen K. G. Smith 


A. B. Metal Products, Lid, of 
Abercynon, Glamorgan, has been 
acquired by Gas Purification and 
Chemical Company. A. B. Metal 
Products have recently concluded an 
agreement with Standard Coil Pro- 
ducts Inc., of Illinois, permitting 
them to manufacture under licence a 
- revolutionary type of television 
tuner.” It is expected to be in pro- 
duction by the autumn. Among the 
companies already in the Gas Purifi- 
cation group are Grundig (Great 
Britain), tape recorders; Wolsey Tele- 
vision, aerials; Electric Audio Repro- 
ducers, sound reproducing equip- 
ment; Staar Electronics, record 
players; Kingsway of London, audio 
equipment; and Besson and Robin- 
son, relays. 

Pea Copper Mines, Ltd., are 
entering the field of electronics and 
have arranged to acquire an interest 
in three companies. The first to 
be announced is Peto Scott Electrical 
Instruments, Ltd., of Weybridge. 


H.M.V.-Ferguson Merger.—A 


new company is being formed jointly 
by Electric & Musical Industries, 
Ltd., and Thorn Electrical Indus- 
tries, Ltd., for the design and mar- 
keting of all domestic sound and 
television receivers under the Fer- 
guson, H.M.V. and Marconiphone 
trade-marks. 
mainly centred at the Thorn fac- 
tories at Enfield, Middlesex, and 
Spennymoor, Co. Durham. 


Production will be 


E.M.I. Records, Ltd., has been 


formed by Electric & Musical In- 
dustries to co-ordinate the produc- 
tion, 
distribution in this eer ag Ps 
abroad of H.M.V., Capitol, um- 
bia, M.G.M., Parlophone and Regal- 


manufacture, marketing and 


Zonophone records. 


A modified version of the “ Radio- 
page” r.f. induction staff-locati 
system (see W.W., July, 1956) hes 
been purchased from British Com 
munications Corporation by the 
Royal Navy for operational trials as 
a flight-deck communications system 
in aircraft carriers. Key men in the 
flight deck party will carry minia- 
ture receivers with earpieces in their 
noise-excluding helmets. As trans- 
missions are not radiated outside the 

immediate area of the flight deck, 
secrecy requirements are fully met. 

Technical #Manuals.—British 
manufacturers obtaining contracts 
with the U.S. Department of 
Defense, which call for literature to 
U.S. specifications, may like to 


know an American company, Warner 
repared 
y in the 
In- 
is obtainable from the 


New York Corporation, is 
to assist directly or indire 
preparation of such literature. 
formation 


PHILIPS new record- 
ing studio at Stanhope 
House, Stanhope Place, 
London, W.2, can be 
booked by organiza- 
tions or individuals for 
all types o! recording. 
From the console (in- 
set) the recording en- 
gineer has complete 
remote control of 
the recording facilities, 
which include tape and 
disc 


Alfred Dinsdale (@ 
Wireless World), at 


750, James Street, Syracuse, 1, New 
York. 


general manager 
contributor to 


Data Recording Instrument 
Ltd., with works at Hanworth Tet 
ing Estate, Feltham, Middlesex, has 
been formed to make components for 
computers. The company is initially 
concentrating on magnetic ae 
and reading heads. . Among 
directors are J. P. Coleman, ra 
and director of Gresham 
Transformers, and a director of 
Lion Electronic Components, and 
Dr. C. B. Speedy. 


Murphy v.hf.- radio-telephone 
equipment, including a base station 


South Devon Water Board Py R. B. 
Holman, radio dealers 
bridge and Salcombe, Demin 


The manufacturers of Raymond 
and Beethoven television receivers 
a made arrangements with Direct 

TV Replacements (134-136, Lewis- 
ham Way, London, = .E.14) for them 
to manufacture replacement com- 
ponents for all models other than the 
current range. The main componengs 
included are e.h.t. line output trans- 
formers, frame transformers and 
prem sige —_ Prone TV Replace- 
ments alrea ve similar arrange- 
ments prawn ths Baird, Etronic and 
R.M. Electric receivers. 


WORKS EXPANSION 


A five-storey building in Liver- 
pool, with a floor space of 55,000 
square feet, has been purchased by 
Automatic Telephone & Electric 
Company to expand production in 
ihe electronics field. This is m 
addition to the company’s main fac- 
tory at oney os Works and several 
other smaller factories in the area. 


Building has started on a new 
45,000-sq ft factory at Martin Street, 
Airdrie, or the Pye subsidiary, = 
Scottish Tel 
The present factory employs i 
130 and produces 1,000 broadcast re- 
ceivers a week, of which roughly 
one-third is rted. The new fac- 
tory, which he ld be ready next 

March, will employ over 400. 

Fringevision, Ltd., television aerial 
manufacturers, of Elcot (er Marl- 
borough, Wilts., are extending their 
factory buildings; when completed, 
floor space will be trebled to 15,000 
square feet. 

Trix Electrical Company, of Maple 
Place, London, W.1, have acquired 
additional factory premises at Wish 
Road, Eastbourne, for the produc 
tion of sound reproducing gear. 
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NEW ADDRESSES 


Modern Techniques (S. Korobuk, 
Ltd.), makers of Motek tape re- 
corders, have closed their two 
factories in north London and have 
moved to larger premises at Wed- 
more Street, London, N.19. (Tel.: 
Archway 3114.) 


Tellux, Ltd., yo of Tele- 
funken receivers, ———— (in- 
duding a? and accessories, 
have moved from Kensington to 146, 
New Cavendish Street, London, W.l. 
(Tel: Langham 2411.) 

Telerection, Ltd., aerial manufac- 
turers, of Cheltenham, Glos., have 

opened a wholesale depot at 149, 
Deer Cheltenham Place, Bristol. 
(Tel.: Bristol 57888.) 


The new address of the Bristol 
depot of Aerialite, Ltd., is Portland 
House, Portland Square. (TeL: 
Bristol 26130.) 


OVERSEAS TRADE 


Provisional figures for the radio 
industry’s exports in February are 
the highest on record for that month 
—£3.62M—and £400,000 more than 
in January. 

South Africa has been added to 
the list of countries—including 
Australia, New Zealand, India, South 
America and Eire—in which E. K. 
Cole have financial interests in 
manufacturing companies. The ex- 
port of goods from the U.K. to each 
of these countries is restricted. The 
new member of the Ekco overseas 
companies is Kruger & Wilson, Ltd., 
which represents them in uth 
Africa and the Rhodesias. 


The complete nucleonic instru- 
mentation and control circuitry for 
the first experimental atomic reactor 
to be exported from this country is 
being supplied by Ekco Electronics, 
Ltd. The equipment is for the 
Australian reactor to be built at 
Lucas Heights, near Sydney. 


S.H.F. Radio Network.—The in- 
stallation of a chain of radio stations 
between Osaka and Fukuoka, Japan, 
covering a distance of nearly 400 
miles, has been completed by 
Standard Telephones and ar 
through their gee the Nip 
Electric Company, of Tokio. . 
network, including eleven intermedi- 
ate repeater stations operating in the 
3800-4200-Mc/s band, provides for 
three two-way channels. One will be 
used for a television link, another for 
240 telephone channels, and the third 
kept as a stand-by for either tele- 
vision or telephony. 


Milan Fair.—Among the 400 ex- 
hibits selected by the Council of 
Industrial Design for the Board of 
Trade’s stand at the International 
Samples Fair, Milan (April 12th to 
27th ne is the portable television 
set. The Pye 
table sound receiver, Ekco U245 
medium- and long-wave table re- 
ceiver, and a  portabie electric 
gramophone by Electric Audio 
Reproducers, are also included. 


F.M. Transmitters.—The Swedish 
Royal Board of Telecommunications 
has placed orders with Marconi’s for 
~~ supply of twelve 5-kW frequency- 

ted v.h.f. broadcasting trans- 
— together with three combin- 
ing units. One transmitter has 


already been supplied and is in 


operation at Ostersund. 


Two transmitters (5 and 7.5 kW) 
have been ordered from Marconi’s 
for the Aden broadcasting service. 
They are due to be brought into ser- 
vice this summer. 


Guy Barreyre, of 114, Rue Dantes 
Destouches, Port-au-Prince, Haiti, 
would like to represent a leading 
United Kingdom manufacturer of 
domestic broadcast receivers. 


An order for tens of thousands of 
Monarch automatic record changers 
has been placed with Birmingham 
Sound Reproducers, Ltd. by a 
German radio manufacturer. 


MAY MEETINGS 


IN 

2nd. London U.H.F. Group.— 
television convertor for 
uhf.” by a member at 8.0 at the Bed- 
ford Corner Hotel, Bayley Street, Ww. C.1. 

6th, L.E.E.—Discussion on “The 
co-ordination of education and prac- 

training in sandwich courses” 

opened by Grad and A. Draper at 
6.0 at Savoy Place, W.C.2. 

6th. Institution of Post Office Elec- 
trical Engineers——“The Rugby ‘B’ 
hf. radio transmitting station” by A. 
Cook and L. L. Hall at 5.0 at the 
LE.E., Savoy Place, W.C.2. 

15th. 1.E.E.—* Transistor 
and applications” by A. G. Milnes at 
5.30 at Savoy Place, W.C.2. 

22nd. eb 
storage cells” 


at the chool of iene and 
oo Medicine, | Am 9 Street, 
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23rd. 1.E.E.—* General cgetientions 

of digital computers” by Dr. A. D. 

Booth at 6.30 at Savoy Place, W.C.2. 
25th. London U.H.F. Group.— 

U.hf.-v.h.f. convention from 10.0 a.m. 

: the Bonnington Hotel, Southampton 
ow. 


“Jewel Case” por- || 


MALVERN 

3rd._—iBrit.I.R.E.—“ Marine radar” 
by H. R. Whitfield at 7.0 at the Col- 
lege of Electronics. 


RYDE Ove of Wight) 
9th. LE.E.—“ Colour 

by C. J. Stubbington at 6.30 at the 

Ryde Castle Hotel, The Esplanade. 


TORQUAY 

9th. B.S.R.A.—*“A quart in a pint 
pot: the development of 1 a loudspeaker ” 
by A. R. Neve at 7.30 at d’s 
Café. 


television ” 


sound 
equipment 
serves the 
world 


Once again, TRIX Sound Equipment 
has been chosen for an umportant 
overseas installation—in the magnificent 
new Hospita: in Oporto, Portugal. 

The equipment includes over 1,000 


pillowphones and 120 \oudspeakers, 
with selection of 5 programmes. 
This is yet another proof of the 
world-wide reputation enjoyed by 
Trix Sound Equipment. 


THE TRIX ELECTRICAL CO. LTD. 


MAPLE PLACE, TOTTENHAM COURT ROAD, 
LONDON, W.! 


Tel. : MUS 5817. Grams. : Trixadio, Wesdo, London. 
ee 2] 
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By DIALLIST”’ 


The Kingsand Effect 


SEVERAL interesting letters have 
reached me on the subject of the 
Kingsand Effect, which was described 
on p. 102 of the March issue. One 
of my correspondents, M. E. Northey, 
lives at Belstone, near Okehampton, 
close to the 1,000ft above m.s.l. con- 
tour. He is only 12 miles from North 
Hessary Tor, but obtains very poor 
reception from that station. His 
home is three miles from Steeperton 
Tor (1,739ft) and one mile from Bel- 
stone Tor (1,568ft). The direct line 
from his aerial passes between the 
two over an intervening ridge. He 
obtains a venetian blind type of 
patterning which travels upwards 
over the picture, one line taking about 
three seconds to move from bottom 
to top. Then after a period varying 
from 24 to 34 minutes on different 
days the pattern changes its direction 
and travels downwards. There is 
some variation in the brightness, 
though this is not as a rule very 
pronounced. Mr. Northey mentions 
that Dartmoor is very rich in metallic 
deposits (it was for centuries an 
important tin-mining area) and 
wonders whether this might be the 
reason for the reflections that give 
rise to the interference. I suppose 
that’s a possibility; but I’m more 
inclined to think that the French 
TV transmitter at Caen may be 
responsible. Its 819-line transmis- 
sions cover the whole of our Channel 
1 and a good deal of Channel 2, the 
latter being the one used by North 
Hessary Tor. My correspondent 
mentions that he has occasionally 
heard French speech. 


Sunspots to Blame 


Mr. Northey wonders whether 
Holme Moss, also on Channel 2, 
could not be the culprit. There 
have, if I remember aright, been 
complaints of interference due to this 
station at surprisingly great distances. 
If it is the offender in the present 
case, the effect would undoubtedly 
be due to the freak long-distance 
reception so frequently reported 
during the present sunspotty period. 
This doesn’t seem unlikely since very 
good reception is sometimes obtained 
at Belstone from Sutton Coldfield, 
which is 145 miles away. I suppose 
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RANDOM RADIATIONS 


that when we have passed the sun- 
spot maximum and begin to get 
nearer and nearer to the minimum, 
interference at great distances will 
become steadily less and less. Let’s 
hope so anyhow. 


Poor Fish! 


WHEN you think of the relentless 
way in which they’re harried day in, 
day out, night in, night out all 
through the year, you might be 
tempted to wonder that there are any 
fish left, particularly in such hard- 
fished waters as those that surround 
these islands of ours. The modern 
trawler (which costs almost as much 
as a destroyer of yesteryear) carries a 
remarkable amount of electronic 
equipment. One gadget in particu- 
lar, the fish-finding echo-sounder, is 
a very deadly weapon, It can be set 
to give distant “ views ” of quite large 
areas of water as the ship steams 
along in search of her quarry. Then 
when the right indications are seen it 
can be switched so as to show a 
close-up of a limited area. From the 
size, of individual members of the 
shoal, their formation and their move- 
ments the fish can be identified with 
something like certainty by a 
practised eye. If they’re of the kind 
wanted, down goes the trawl and a 
good catch is a certainty. 


For It Again 


And now one reads of still another 
anti-fish device, which has given very 
promising results in experimental 
trials by Pye. It consists of a 
torpedo-shaped case, containing a 
device working on echo-sounding 
principles by transmitting a.f. pulses 
down towards the sea bed. It is 
towed by a helicopter, flying low over 
the surface, and signals from it travel 
up leads incorporated in the towing 
cable to a display unit in the aircraft, 
The big advantage is this. To 
make use of her fish-finding gear a 
trawler has to steam at no very great 
speed and it may be hours, or even 
days, before a shoal of worth-while 
size is found. The helicopter travels 
much faster and in a given time can 
cover a far greater expanse of water 
with her towed locator. As soon as 
she has a find, she transmits the posi- 
tion to the fleet which she serves and 
the hunt is on without a moment's 
waste of time. This is but one of a 
number of applications of echo- 
sounding from the air, which include 
salvage work and mine detecting. 
Electronic gadgets aren’t always used 
to catch fish. Much use is made by 
marine biological establishments of 
the underwater television camera for 
the study of the breeding places and 
breeding habits of fish, so as to en- 
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able as much protection as possible 
to be given where it’s needed. 


Keeping Up With the 
Joneses ? 


THE tendency is for the living 
rooms of to-day to be quite small 
compared with those of years ago; 
yet one finds people going in for 
larger and larger TV screens. How 
many homes do you know in which 
people have 17-inch or 21-inch sets 
and can’t (at any rate, in winter time) 
sit far enough away from them to 
rid the picture of lininess? I know 
quite a few. There’s an _ idea 
amongst the uninitiated that you see 
more on a large screen than on a 
small one. You don’t, of course, and 
if you sit at the proper viewing dis- 
tance from each, a 12-inch screen 
gives exactly the same sized image 
on the retina as one with a larger 
screen. With a 405-line standard a 
useful rule of thumb is that for 
people with normal vision the mini- 
mum viewing distance in feet is half 
the screen size in inches. You can 
sit nearer than that with the 625-line 
standard used in most continental 
countries which have television ser- 
vices and still nearer to a screen 
displaying the admirable French 
$19-line picture. I hear that 30-inch 
c..t.s are appearing in America. If 
they are developed here there'll be a 
rush for them by the 14-inch 
Browns, who want to go one better 
than the 17-inch Robinsons and the 
21-inch Joneses! But how are they 
going to contrive an eye-to-screen 
distance of 15 feet in their bungalow? 


Where Your Money Goes 


A KIND reader sends me a copy 
of the Post Office Engineering 
Union’s fournal, which gives an 
interesting account of the way in 
which the £3 that we pay for our 
combined sound and _ television 
licence is absorbed. The G.P.O.’s 
share is 4s, which seems modest 
when you come to think that it pays 
not only for the work of issuing the 
licences, but also for the services of 
those most helpful and obliging P.O. 
engineers who come to our aid when 
we're troubled by interference. The 
Government’s whack is 5s 4d, which, 
I imagine, just goes into the general 
kitty. The B.B.C. gets what’s left, 
£2 10s 8d, of which 16s 1ld is 
applied to sound broadcasting and 
£1 13s 9d to television. 


The figure quoted by “ Diallist ” at the top of 
second column of p. 200 last month should 
have been £2 12s 6d.—Ed. 
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Y) Electronic components 


FOR ALL INDUSTRIES 


Used in every form of Transport— 
water, road, and rail, by all the leading 
Nationalised bodies, and operators, 
everywhere, BULGIN Electronic Com- 
ponents are helping to overcome prob- a 
lems of Control, as in all the scientific 
and industrial fields, giving faithful and 
reliable service. The Bulgin research 
department and manufacturing units 
with their unique skill and experience, 
build good electronic components on 
which you can depend. Over 10,000 
different components are available. 


* For full details of Bulgin Com- | 
ponents send for Catalogue 196/WW 
( free to the trade). 


THe HOUSE oF 


\BULGIN 


— 


A. F. BULGIN & CO. LTD., BARKING, ESSEX. 
. Telephone; RIPPLEWAY 5588 (8 lines) 
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Why 0—V—1? 


I WONDER how many readers 
under thirty of age will have 


H 


¥ 
2 


i 


(V) or a crystal (C) as a 
O—V—1 set therefore 
stage, used a valve recti- 


~PES 
a 
oe 
8 
3 
3 


a set is*used in a recent 
issue of the Russian journal Radio. 
There is nothing strange about the 
0 and the 1 being used as the Russian 
numerals are the same as ours. But 
the Russian word for valve is 
“lampa” and one would therefore 

e the Cyrillic equiva- 
of the letter L—a slight variant 
lambda—to have been 


cannot be doubted that the 
readers of this Russian journal fully 
understand the meaning of the ex- 


“V™ stands for; in that respect they 
no more ignorant than many 


of any particular p 
the National Radio Show. Suppose, 


for ins I want to buy a ta 
aan Whee fo the radio 
show I naturally want to look ar all 


Taking no chances 


F UNBIASED 


the various makes and com one 
with another as we do the in 
the paddock at Ascot before we 
place our humble bets. 

But at the radio show the state of 
irs is quite different from that 
prevailing at Ascot. Having seen 
one tape recorder I have got to fight 
my way through the crowds to the 
far end of the exhibition hall to the 
stand of the manufacturer of the 
second instrument on my list. 

I have often advocated that while 
each radio manufacturer continued 
to have a stand of his own as at pre- 
sent there should be other stands on 
which all tape recorders, all f.m. 
receivers, all television receivers, etc., 
of whatever make, be grouped to- 

ether. Visiting the Ideal Home 
Exhibition a few weeks ago, I found 
that the electrical industry had done 
this very thing. 

Each of the large manufacturers 
had his own stand on which he 
showed the usual motley collections 
of cookers and kettles. But in addi- 
tion there was one very large stand 
run by the electrical industry on 
which all makes of water heaters, 
cookers, and so on, were grouped 
together. I was able to compare one 
with another in comfort. 

Actually I was told this stand was 
run by the Electrical Development 
Association. Why have we no simi- 
lar organization in the radio in- 
dustry? If we have, then its pub- 
licity man ought to be sacked, as I 
have never heard of it. 


Statogenetics 


I HAVE received some interesting 
data from a South African radio 
engineer regarding the use of a 
dangling chain for conducting to 
earth the static charge on the ly 
of a car about which I wrote in 
February. 
In the “roy | district, which is 
<r Soe a 
very dry, static are one 
life’s bugbears, and my correspon- 
dent mentions that when his wife 
brushes her hair it 
results in crackling 
static, Over a quarter 
of a century ago I 
referred in these 
columns to a similar 
sort of thing happening 
when a lady removed 
her silk stocking and I 
reproduce my sketch 
in the next column. 
Actually the same 
problem arose many 
years later when TV 
came to the fore. Con- 
siderable _interference 
was noticed in the 
vicinity of a well-known 
girls’ school when 


Wot! No F.M. Aerial? 


WHILE prowling through the Idea 
Home ibition I was interested tc 
note that on the full-sized house: 
erected in the vast exhibition hal 
TV aerials were fitted. But not on 
of the houses I examined had | 
horizontal dipole for v.h.f. soun 
oe. oe , 

$ set me examining houses i 
the Greater London area, and I hav 
been astounded at the scarcity ¢ 
v.h.f. aerials. I am perfectly awar 
that in most London districts Wro' 
ham comes in well without the hel 
of an outdoor dipole. So does tel 
vision in many London districts, bi 
—- of people use an outdoc 


a 
Can it be that, unlike TV, a v.h. 
aerial has no snob appeal? 
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